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FOREWORD 


The Analysis of Commercial Equipment and Instrumentation 
for Spacelab Payloads was performed by the Space Division of 
Rockwell International Corporation under Contract NAS8-305A1 
for the George C* Marshall Space Flight Center of the 
National Aeronautics and Space Administration. The study 
explores the feasibility of using commercially available 
laboratory equipment and instrumentation in the Spacelab, 
a Shuttle payload, in support of various sortie-mode experi- 
ments. The work was managed by Richard P. Arras (Te # phone 
(213) 594-3807) of the Applications Programs area of che 
Space Division of Rockwell International. The study was 
administered under the technical direction of Mr. Charles W, 
Quantock (Telephone (205) 453-3425) of the Payload Studies 
group of Program Development of the Marshall Space Flight 
Center* 
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1.0 INTRODUCTION 


To date, the major portion of the cost of space hardware has been Incurred 
by the design, development, and qualification of custom-built equipment. This 
equipment is typically produced to meet stringent specifications associated 
with the high reliability required and the environment encountered on infrequent 
space missions using expendable launch vehicles. The Shuttle experiment program 
will be different in the following ways: (1) flights will be more frequent, 

(2) the Spacelab environment will be earth-like, and (3) on-board equipment 
will be returned to earth after each flight. These differences, together with 
the presence of man. Increase the potential for use of commercial equipment in 
the Spacelab. 

The use of available commercial, airborne or military (CAM) equipment 
could result in significant reduction in sortie payload costs, thus allowing 
many more payloads to be floxm. This will be a particular benefit early in 
the Shuttle program. In addition to the cost savings provided by using CAJ-1 
equipment, it is anticipated other benefits will result such as shortening 
equipment procurement lead time and providing flexibility for the principal 
investigator to employ some of the same equipment in space as used in his 
ground-based laboratory. These benefits have the potential of significantly 
improving the value of the space program. 

The importance of these benefits has been recognized in the planning for 
Spacelab which includes the design objective that standard laboratory equipment 
be accommodated without extensive modification. This study is particularly 
timely since a better understanding of the role of CAM equipment is needed soot, 
to effectively implement the above objectives and to plan long lead-time pay- 
load developments. 

This study examines a representative group of experiment equipment and 
tlevelops quantitative cost tradeoff data to extend earlier feasibility assess- 
ments . Data and recommendations have been generated to assist in developing 
.'JASA spcci 1 ications that do not unnecessarily restrict the use of CAM equip- 
ment in the Spacelab. The study further recommends equipnient for NASA procur> - 
ment for testing and identifies the preferred source of equipment modifications. 

1.1 STUDY OBJECTIVES 

Hie objective of this study is to investigate analytically the feasibility 
of using .-ommercially available laboratory equipment and instrumentation in the 
Spacelab in support of various experiments. "Commercially assailable’' has been 
interpreted to mean any equipment Identified in a catalog including conmerci.iJ , 
airborne and military (CAM) equipments. Feasibilitj' is to be demonstrated b'’ 
the breadth of application of CAM equipment to experiment equipment requirement 
in the Spacelab, and the cost effectiveness of utilizing this class of equipment 
Instead of custom-built aerospace equipment typical of past designs. 
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Six Sjjeciflc objectives were satisfied In the analysis of the feasibility 
of CAM equipment : 

1. Compilation of a list of representative equipment and instru- 
mentation meeting the requirements of Spacelab experiments. 

This list is indicative of the available hardware that could 
be flown aboard the Spacelab. 

2. Selection of a limited number of these Items for analysis. 

These Items were representative of the full equipment list 
to assure coverage of as many design variations as possible. 

3. Collection of engineering specifications and data relative 
to these items. A library of manuals and specifications has 
been accumulated for the selected equipment. 

4. Malysls of these data with respect to applicability for use 
in the Spacelab. The suitability of the selected equipment 
to space operations was assessed from specifications and 
visual examination. Modifications were identified where 
necessary and the cost of the modified hardware was compared 
to sitnilar custom-built hardware. 

5. Tradeoff analyses of specification requirements with respect 
to cost. Alternative requirements, compatible with the use 
of commercial hardware, were evaluated and specification 
changes were recommended which will reduce Spacelab equipment 
costs . 

6. Recommendations for procurement of specific items for more 
extensive future test and analyses. 

1.2 OVERALL APPROACH 

This section presents a task— by— tas 1 . discussion of the technical approach 
to the study. The study approach la discussed with reference to the study flow 
diagram of Figure 1-1. 

Task 1. Identification and Selection of Potential Commercial Equipment and 
Instrumentation for Analysis 

The Shuttle System Payload Data Activity (SSPDA) and other studies have 
Identified types of instruments and equipment required to accomplish Spacelab 
experiments. Candidate commercially available equipment and instrumentation 
were identified, the degree of modification required to meet experiment func- 
tional requirements was assessed for each of them, and items were selected for 
detailed analyses throughout the study. 

A listing of Spacelab instruments and equipment items and t'lelr functional 
requirements was developed, based on SSPDA data and other studies. Commonality 
of instrument usage across various disciplines was assessed. The instrument 
and equipment items identified were then categorized by their commercial 
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availability and extent of modification required to meet experiment functional 
requirements. Vendor catalogs were searched to Identify available equipment 
meeting these requirements. In parallel with these actlvii^ies a selection 
logic was developed to identify items representing a cross-section of Spacelab 
experiment equipment for further analysis in the study. A limited number of 
equipment items were selected, based on this selection logic, for analysis in 
Task 2. 


^ASK I task 2 TASK 3 TASK 4 



Figure 1-1. Overall Study Flow 


Task 2. Analysis of Selected Items of Equipment and Instrumentation 

The most cost-effective approach for Spacelab equipment and instrumenta- 
tion development was determined from a cost analysis which compared commercially 
available equipment modified to be suitable for space flight with equipment 
custom built for the Spacelab. 

The suitability of commercially available equipment for installation and 
operation in the Spacelab was determined first. Physical and performance data 
were collected for each of the pieces of selected equipment. This activity 
spanned a number of weeks and occurred in parallel with all other Task 2 sub- 
tasks because of the time required to obtain comprehensive information. Avail- 
able information from the Spacelab and Shuttle programs provided the basis for 
the development of a Spacelab/ Equipment Interface Requirements document which 
served as the sp^* .. fication for all equipment to be placed in the Spacelab. 
Equipine:.t characv arist ics were compared with this interface requirements docu- 
ment to identify discrepancies which make the existing equipment unsuitable for 
space flight. 

The cost of equipmei^t modifications to eliminate the previously identified 
discrepancies were compared with custcsm-built equipment which meet space flight 
requirements. Modifications required by the suitability analysis were developed 
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c<ntceptually. Seacrlptlons of these modifications provided Information to man- 
ufacturing planning and estimating personnel for deteminatlon of the shop cost 
for the nxidlflcation* Supplemental costs to be added to the shop costs were 
Identified for a conflate determination of the cost of modification. In a 
parallel activity, the cost of custom building the equipment was determined. 

The two costs were compared and the cost-effective approach identified. 

Task 3. Compare the Specifications of the (Modified) Experiment Equipment 
and Instrumentation with NASA Specification 

*nie objectives of this task were to (1) evaluate the Impact of Imposing 
NASA Specification EC006M)0000A requirements on the selected commercial equip- 
ment requirements, and (2) define and evaluate feasible alternative approaches 
to the accommodation of commercial equipment in the Spacelab. Task 2 established 
a set of Spacelab requirements ^d the needed item-by-ltem modifications and 
costs for compliance. Task 3 established the added cost for further modifica- 
tion of design, test, and processing for EC006N000OOA compliance and then deter- 
mined how the feasibility of using conmerclal hardware In space could be 
Improved by changing this specification. 

The Initial activity consisted of a coicparlson of the EC006 and the study 
specifications. Delta costs that would accrue If the NASA specification were 
enforced were derived. Modified user equipment capabilities /requirements were 
compared to EC0O6MDOOOOA for the purpose of Identifying additional discrepan- 
cies to those Identified In Task 2. Having Identified the differences between 
modified equipment characteristics and EC006 specification requirements, the 
hardware and process changes to the modified Items necessary to meet EC006 were 
identified, costed, and evaluated using the same procedures as In Task 2. 

The characteristics of unmodified equipment were assembled and compared 
with corresponding requirements In the EC specification to identify require- 
ments that must be cost effectively relaxed. Alternative Spacelab equipment 
specification requirements and the resultant system Impacts were established. 

The advantages and disadvantages (from cost, performance, reliability, and 
safety points of view) of adopting each alternative requirement were assessed. 


Task 4. Develop He commendations 

Task 4 integrated the outputs from all the previous study tasks to; (1) 
assess the overall feasibility of using commercial equipment in the Spacelab; 

(2) make specification change reconmendatlons ; and (3) develop a list of equip- 
ment for NASA procurements In addition, a major trade was performed to deter- 
mine the preferred source of the necessary equipment modifications. 

Candidate specification dhanges were evaluated with respect to the entire 
Spacelab experiment program and change recommendations were made which would 
make the use of commercial equipment more cost effective. The modification 
source trade was performed defining the most cost-effective agency to perform 
the prescribed modifications. These outputs, as well as Tasks 2 and 3 results, 
were Integrated to produce an overall feasibility assessment of the applica- 
bility of commercial hardware to the Spacelab program. The principal study 
findings were then used to select a Hat of hardware items for NASA procurement. 
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1.3 SUMMARY 

The final report of this study consists of three volumes: 

Volume I Executive Summary 

Volume II Technical Report 

Volume III Design Analyses and Trade Studies 

Volume II presents the discussion of technical results of the study. It con- 
sists of two parts. The first part contains the technical discussion, and the 
second contains five appendixes to the discussi''^n. This discussion is organized 
similar to the study task breakdown. A brief summary of the results discussed 
in each section follows. 

1.3.1 Selection of Equipment for Analysis 

Section 2 of this volume describes the approach employed to select specific 
available hardware items for analysis. The major outputs of this effort were a 
Spacelab experiment functional requirements data bank, a shopping list of avail- 
able hardware that meets these functional requirements, and a list of equipment 
items selected for further analysis. The functional requirements data bank 
consists of tabulation of equipment requirements for over 600 equipment items. 
These items were identified in SSPDA and other specific sortie payload studies. 
Functional modification classifications are also documented on this tabulation. 
The shopping list consists of a separate tabulation of approximately 500 equip- 
ment items which satisfy the requirements established in the functional require- 
ments data bank. This tabulation and the data bank tabulation have been 
included in the appendixes. Thirty-four packages, consisting of 43 separate 
items, were selected from the shopping list for further analysis. The selection 
criteria emphasized higher cost equipment items, assuming that they offered the 
greatest potential for savings through the use of available hardware. The 
resultant group was also representative of the various types of equipment 
expected for Spacelab experiment operations - 

1.3.2 Analysis of Selected Equipment 

The suitability of the selected equipment items for installation in the 
Spacelab and the cost effectiveness of modifying available CAM equipment are 
presented in Section 3.0 of this volume. The major outputs of this effort were 
the Space lab /Experiment Equipment Interface Requirements (SEEIR) specification, 
definition of the modifications required to make the selected equipment suitable 
for Installation and operation in the Spacelab, and a comparison of the cost of 
this modified equipment to the cost of the same hardware custom built. 

The SEEIR represents the first equipment specification derived with the use 
of conu.erciai equipment in space in mind. It does not contain many of the typi*' 
cal requirements included in previous manned spacecraft specif ications. The 
specification appears in Appendix D of this volume. 
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Unsuitable characteristics of the 34 selected equipment items were defined 
from visual inspection and a comparison of documented specifications for each 
item. The internal construction of 29 of 34 of the selected items was visually 
examined by the study team to assess structural Integrity for acceleration and 
vibration loading, adequacy of cooling provisions, and the acceptability of 
materials used. Modifications ranged frt stiffening printed circuit boards 
and replacement of unsecured screws to survive vibration, to a total redesign 
of gravity-dependent functions. Three units~a Coulter blood cell counter, 
a refrigerator/ freezer and a dew ar— required such extensive modification that 
they could only be custom built. 

1116 comparison of modified and custom-built hardware costs indicates sig- 
nificant sa>^ngs can be achieved by modifying available hardware. The average 
cost to custom-build the 34 selected items was estimated to be $225,000. The 
average cost of similar available hardware including all modifications is 
$31,000, an average savings of approximately 6:> percent of the custom-built 
hardware cost. Detailed descriptions of the sviltablllty analysis, modification 
details, and cost estimates are presented for each equipment item in Section 2.0 
of Volume III. 

1.3.3 Analysis of Specifications 

Section 4.0 presents the results of the comparison of the study-developed 
Interface specification (SEBIR) and a typical NASA equipment specification 
consistent with the previous manned spacecraft practice. Major output of the 
effort is the determination of the cost impact of imposing a rigorous manned 
spacecraft-type specification on the selected equipment items and identification 
of approaches to relaxing specifications to make them more suitable to the use 
of available CAM equipment. 

The impact of the NASA specification (EC006M0OOO0A) upon the selected 
hardware is two-fold. First, additional modifications to the selected hardware 
are required to meet more rigorous criteria such as worst case temperature 
limits. Secondly, additional systems engineering time is required to document 
additional analytical and test results required by the EC specification. Delta 
costs incurred by these additional activities averaged $30,000 per unit. 

Descriptions of the delta modifications and costs are presented for each equip- 
ment item in Section 2.0 of Volume III. 

Four tradeoffs are also presented in Section 4.0. These tradeoffs examine 
relaxation of the equipment specification. Approaches to relaxing the equipment 
vibration environment, reducing material control restraints, and eliminating 
fungus and corrosion requirements are examined. A fourth tradeoff was performed 
to determine whether elimination of the pcwer supply sections of most equipment 
feasible and cost effective. The results of the tradeoffs indicate possible 
cost savings with little increase in risk if specifications are relaxed for 
corrosion and fungus. Material control can be relaxed to be consistent with 
that defined in the Spacelab /Experiment Equipment Interface Requirements 
document without reducing the safety integrity of the Spacelab. Reduction of 
the vibration environment to a level eliminating all equipment modifications 
defined for vibration integrity could not be cost effectively accomplished. Finally, 
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elimination of the power supply sections to be compatible with dc power resulted 
In the addition of dc-to-dc converter sections to each unit which show no per- 
formance improvement over the original configuration but do cause Increased 
mod i f i cat ion cos ts . 

1,3.4 Modification Source Tradeoff 


The cost-effective modification agency was determined by a tradeoff 
analysis of three alternative modification sources* Section 5,0 compares the 
advantages and disadvantages of the original equipment manufacturer, a central- 
ized indust -lal contractor, or NASA performing equipment modifications* The 
analysis of the three alternatives consisted of an assessment of the differences 
between hardware process flows through each facility, polling of a number of 
manufacturers to determine their capability and willingness to perform the types 
of modifications identified by this study, and a review of the production facil- 
ities of two instrumentation manufacturers — Beckman Instruments and Hewlett- 
Packard, 

The results of the assessment show that the original equipment manufacturer 
is the most cost-effective modifier of its own equipment. This conclusion 
was based on the immediate availability of equipment for modification, the 
potential for modifying equipment during the existing assembly process, and 
the familiarity of the manufacturer with his own equipment. 

1-3.5 Recommended Equipment Procurements 

Section 6,0 presents a list of eight pieces of equipment recommended 
for procurement by NASA-MSFC for test evaluation. The CVT program will be 
evaluating CAM hardware characteristics with an extensive testing program. 

T\\is study has recommended the purchase of eight units in addition to those 
I iirrontly in the CVT inventory. The objective of the selection process was 
to satisfy two goals. First, equipment was identified that could provide the 
largest dollar savings to the Spacelab experiment program if available hardware 
were used. The second goal was to recommend an equipment group that would maxi- 
mize the data return for the minimum expenditure of funds, 

1.3.6 Conclusions 


Use of CAM equipment In the Spacelab will be cost effective. Extension of 
the savings estimated for the 34 selected equipment items to the entire Spacelab 
experiment program indicates potential savings ranging from $230 million to 
$1230 million, depending upon the equipment development and replacement scenario 
adopted. The most probable savings amount is believed to be approximately 
$400 million. 
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2,0 SELECTION OF EQUIPMENT FOR ANALYSIS 


2.1 INTRODUCTION 

The objective of the first study task was to select a small group of avail- 
able hardware representative of the types of hardware that could^ be used for 
Spacelab experimentation* This section describes the activities performed in 
the selection of this hardware. 

Figure 2-1 illustrates the logic leading up to hardware selection. Results 
of the Shuttle System Payload Data Activity (SSPDA) and specific detailed pay- 
load studies provided package functional performance requirements data. These 
functional requirements have been assembled on a single computer tabulation. 
Common equipment requirements were identified across disciplines by collating 
the inputs by equipment type. Instruments and equipment types were categorized 
according to their availability and extent of modification required to meet 
experiment functional requirements. Catalogs from various suppliers were con- 
sulted to identify available equipment that meet the defined functional require- 
ments. These equipments are tabulated on IBM cards forming a shopping list frnr. 
which equipment items for further analysis were selected* A selection criterion 
stressing total procurement cost and representation of the design characteristics 
of available equipment was employed to select items from the shopping list. 
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Thirty-four available packages were selected. In a few cases, the selected 
packages consisted of more than one hardware element, leading to a total of 43 

specific pieces of hardware for analysis. The suitability to space operations 

and the modifications required to assure operation on board the Spacelab are 
discussed In Section 3.0. 

2.2 FUNCTIONAL REQUIEEMENTS DATA BANK 

Functional requirements have been defined for 615 equipment items, located 
In the Spacelab, Identified In the following science and application disciplines: 
Astronomy, Solar Physics, Atmospheric and Space Physics, Earth Observations, 

Earth and Ocean Physics, Space Processing Applications, Life Sciences, Space 
Technology, and Communication and Navigation. Four hundred forty-four different 
types of equipment were identified from the 615 data bank entries. These data 

have been recorded on IBM cards to allow sorting by equipment type and to 

facilitate any updating or revision of this Information. The resultant tabula- 
tion Is presented In Appendix A of this volume. 

Many Shuttle sortie mode payload studies have documented the experiment 
equipment performance requirements necessary to achieve experiment objectives . 

The Shuttle System Payload Data Activity (SSPDA) has Identified many of these 
equipment Items. Information from SSPDA, supplemented by the data from 
Individual payload studies, was gathered, forming a functional requirements 
data bank for use In this study. 

The source Information used to generate the data bank Is shown In Table 2-1. 
Specific payload studies generally provided additional data to the SSPDA tabula- 
tion. In many cases, the SSPDA data did not report Information at the package 
level, resulting In the use of Information from these payload studies as the 
primary source of data. For example, in the Space Processing and Life Science 
disciplines, experiment modules containing families of equipment are Identified 
on the SSPDA tabulation. In these cases, equipment Items and their functional 
requirements were obtained entirely from the payload study. The Manned Earth 
Observatory <MEO) study posed an additional problem in that this sortie payload 
Is no longer identified on the Shuttle mission model. SSPDA tabulations refer- 
ence this study in both the Earth Observations and the Earth and Ocean Physics 
disciplines; however, the experiment objectives are not the same. Since 
the Intent of this study Is to examine hardware representative of all types of 
sortie payloads It was decided to Include Information from this study on the 
tabulation. The MEO Information Is Included under the Earth Observations 
discipline. 

Hardware identified In the functional requirements data bank are the only kinds 
of Interest to the study. Spacelab subsystem hardware has been excluded. All 
hardware Is located In the Spacelab. Applicability of commercial hardware to 
pallet Installation exposed directly to the space environment appears limited. 
Therefore, pallet-moimted hardware was excluded. Consumables such as film, 
tape reels, etc., and low-cost components identified In some studies are also 
not Included to keep the tabulation manageable. 
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Table 2-1- Functional Requirements Data Bank Source Documents 


1* NAS8-29462, Shuttle System Payload Data Activity (GDCA/Rockwell/GE) 

2- Payload Element Data Sheets and Final Report of the Space Shuttle 

Payload Planning Working Groups (NASA-GSFC) 

3- NAS8-28938^ Requirements and Concepts for Materials Science and 

Manufacturing in Space Payload Equipment Study (TRW) 

4- NAS8-29150, Life Science Payload Definition and integration Study 

5, Advanced Technology Laboratory Phase A Study Final Report 

(NAS A- Lang ley) 

6. NASl-11674, Manned Activity Scheduling Study Final Report (GDCA) 

7* NAS8-27540, Definition of Experiments and Instruments for a 

Communication/Navigation Research Laboratory (TRW) 

8. NAS8-28344, Astronomy Sortie Mission Study (MMC) 

9* NAS8-28C47, Plasma Physics and Environmental Perturbation 

Laboratory (TRW) 

10- NAS9-12235, Preliminary Design Study for an Atmospheric Science 

Facility (MMC) 

11. NAS9-12649, Scientific Design of a Shuttle Auroral Observatory 

System (U- of Alaska) 

12- NAS8-28013, Mission Requirements for a Manned Earth Observatory 

(TRW) 

13. NAS 8-2 7861, Zero-Gravity Cloud Physics Lat» oratory (MDAC) 


Functional requirements for each item were obtained from the referenced 
literature when available* If the data were not available, experts were con- 
sulted by the study team and their best judgment was used to define appropriate 
functional requirements- Coranercial hardware could not have been identified 
for many pieces of experiment equipment if this had not been done* As experi- 
ments become better defined, functional requirements can be updated and 
applicable equipment can be identified* 

2-2*1 Explanation of Tabulation 

A sample from the functional requirements data bank tabulation is shown in 
Figure 2-2* The listing is organized as follows. Each piece of equipment Is 
described by a title card, a narrative description of the function of that 
piece of equipment, and a listing of its key functional requirements. The title 
card contains additional information as shown by the headings on the figure. 
Numbers In the left-hand column identify the equipment -type category* This 
categorization is consistent with that defined by Science Magazine in its '‘Guide 
to Scientific Instrumentation, 1972-73.** The title of the niece of equipment is 
followed by its SSPDA equipment identification number (i*e. , SPOOl) . The next 
group of numbers identifies the quantity of that item on the payload, its loca- 
lion (I, inside Spacelab; E, external to Spacelab), the state of the art of this 
hardware (1, current; 2, advanced), the source of the hardware (1, commercial; 

2, aircraft; 3, manned space; and 4, unmanned space), and finally the functional 
modification required by the available hardware (1, none; 2, minor; 3, major: 

4, assembled f^^om piece parts; and 5, new development). The final columns 
sequentially order the data by scientific discipline, SSPDA payload, and equip- 
ment item. 
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Identification of each equipment item included its respective SSPDA identi- 
fication number where possible. Exceptions to this practice were required 
whenever additional data were foxmd in the supporting studies. Only external 
equipment is identified in the SSPDA tabulation in the Astronomy, High-Energy 
Astrophysics and Solar Physics disciplines. The Astronomy Module study by 
Martin was used as a model for the Internal equipment of these three disciplines. 
This study Indicated the basic support hardware required by the display and con- 
trol console in the Spacelab. Study of these disciplines indicates that most of 
the experiment hardware is pallet mounted, and very little additional hardware 
except a control console would be located in the Spacelab. Listing of the 
Zero-G Cloud Physics Laboratory hardware is consistent with SSPDA, but the MEO 
is not (for reasons explained earlier). This hardware is clearly indicated by 
an MEO rather than an SSPDA part number in the listing. Space processing numbers 
relate to the SSPDA modular assembly that includes the subject package, in 
cases where a package is used in more than one module, only the first module was 
indicated. However, the total quantity was adjusted to include the items identi- 
fied in the other modules. Changeout of hardware from one module to another was 
assumed not to be cost effective. Finally, Life Science and Communication /Nav- 
igation part numbers that were taken from the sortie payload reports were given 
900 (or higher) series numbers, 

2.2.2 Functional Modifications 


Commercially available hardware may require modification to achieve an 
experiment performance objective, or it may require modification to be capable 
of operation on board the Spacelab. The study primarily addresses this latter 
type of incompatibility (Section 3.0). However, a gross assessment of the 
capability of available hardware to meet the functional requirements of Shuttle- 
sortie mode experiments was accomplished during this study task. This assess- 
ment was based on a similar assessment performed during the SSPDA study, available 
data from commercial equipment catalogs, sortie payload studies, and the study 
team's best judgment. The results of the functional modification assessment 
.ppear in the functional requirements data bank. 

The functional modification categories are explained in Table 2-2. Fig- 
ure 2-3 summarizes the results of the functional modification assessment. It 
is significant that the functional requirements of 282 out of the 444 different 
items identified could be satisfied by available hardware. Of the 282 items, 

247 (55 percent of the total) did not require any modification to meet these 
requirements. These results show good correlation with experience in the 
ASSESS program. 1 Tlte .ipplicabllity of available equipment results from two 
factors. First, much of the equipment inside the Spacelab is experiment support 
hardware. Hardware such as oscilloscopes, frequency generators and gas chromat- 
ographs exist with diverse capabilities. Specialized hardware unique to space 
exploration is more frequently located on the Spacelab pallet tlian in the 
pressurl;>d module. Secondly, many of the experiments are similar to those 
performe t on the ground, differing only in that they are performed in a spai'c 
environiTient . Since commercial laboratory instrumentation is typically used in 
the ground experiments, it is not surprising that the equipment wm Id meet 
defined functional requirements. 


^NASA TMX 62,287. Study of Airborne Science Experiment Management Concepts for 
Application to Shuttle, Volume 2 . Dona! 1 R. Mulholland, et al. Airborne Sci- 
ence Office, NASA-Ames Research Center Moffett Field, California; July 1973. 
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Table 2-2. Functional Modification Category Definitions 


Catecor 


Definition 



Assembled from available 
piece parts 


New development 


Package can accomplish all functional 
requirements in the laboratory. 


All functional requirements can be met 
except one or two. Only minor modifica- 
tion need be done to meet these require- 
ments. No advancement in the state of 
the art is required. 


Primary functional requirements can be met 
but many secondary requirements cannot, or 
more than two functional requirements 
require modification but basic unit is 
still applicable. No advance in state of 
the art is required. 


Required package does not exist in a 
catalog. No advancement in the state of 
the art is required. Package can be made 
from existing piece parts. 


Commercial package not available; requires 
advancement in state of the art. 
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Ihe remaining segments on the figure show the number of items that must be 
custom built* Units which must be custom built, but are not new developments, 
are included in the piece-part segment* Equipment items that fell into this 
category were assemblies and control electronics* This segment may be distorted 
by 63 control packages identified for the Ames payload* This quantity might be 
reduced if a central processor and data bus concept were employed* The percent- 
age of available equipment meeting functional requirements without modification 
would then Increase to 65 percent. Items categorized as new developments include 
items which have been identified as SRT items in the sortie payload studies such 
as the particle counters identified in the Zero-G Cloud Physics Laboratory or 
are typically custom-built units such as cloud chambers In the same payload, or 
combustion chambers employed In the Advanced Technology Laboratory. 

2.3 SHOPPING LIST 

Available CAM equipment which satisfies the functional requlriments tabu- 
lated in the data bank has been identified by reviewing manufacturer catalogs. 
Over 425 different items have been identified. A tabulation of the^e items has 
been included in Appendix B. Manufacturer, part number, current cost, and kev 
performance capabilities are listed for each item. The listing is representa- 
tive of the equipment available today and is by no means exhaustive. It 
Includes a large enough quantity of equipment to assure selection of represent- 
ative hardware for further analysis in the study. 

2*3*1 Explanation of Tabulation 

A sample of the shopping list tabulation is shown in Figure 2-4* The 
equipment type is first identified. Then, the requirements in the functional 
data bank are tabulated. (These requirements are not shown on the figure*) 

Next, the applicable commercial items are identified by part number and cost 
for each equipment type. For example, the Astro Model A222 (costing $1000), 
the Lindberg Model F8417 (costing $355) and the Leco Model 521—300 (costing 
$1370) hot wall tube furnaces satisfy the requirements for this type of furnace 
defined In the Space Processing sortie experiment payloads. The Astro Model 
llOOV (costing $3100) satisfies the requirements for the hot wall furnace in 
this discipline* The three numbers following the price indicate the specifica- 
tion to which the hardware is built (1, commercial; 2, aircraft, 3, military; 

4, unmanned space; and 5, manned space), the technology status (1, current; 

2, advanced), and the modification category (same as explained in the functi'inal 
requirements data bank)* For example, the Lindberg and Leco furnaces require 
major modification (Category 3) to achieve a vacuum in the oven* Slgniflcarii 
performance capabilities for each identified piece of hardware are listed bel va 
the identifier cards. Numbers in the right-hand columns are for sequencing- 

0^4 -roN OF CANDIDATE EQUIPMENT FOR FURTHER ANALYSIS 

A .. . ...rion for selection of hardware for further analysis, from the 
hundr. . of items in the shopping list, was developed. This criterion was 
to select the items for in-depth analysis to determine their suitability for 
space jp'>racions and to identify the modifications necessary to make thetr- 
..iu it able* 
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Figure 2-4. Sample from Commercial Equipment Shopping List 
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Four characterlsclcs were considered to be significant for the equipment 
selected for analysis: (1) high procurement cost, (2) differing physical char- 

acteristics, (3) representation Oi. many types of equipment, and (A) manufacture 
by a company willing to provide detailed data necessary for analysis. 

The criterion stresses relatively more expensive experiment equipment items 
because they offer the greatest potential for savings to the Spacelab experiment 
program through the use of commercial equipment. Frequency of use and unit cost 
are combined in a single cost parameter to estimate a relative total program 
procurement cost for each item. For example, an item which costs five times 
more than another, but only used once, will have a smaller total procurement cost 
than a second item which is identified in ten different sortie payloads. 

Representation of equipment built to different requirements is also desir- 
able CO assure identification of as many design issues as possible. At least 
one piece of equipment had to be selected from each SSPDA science and applica- 
tion discipline. In this way, hardware designs resulting from special functional 
requirements unique to a specific type of experimentation were examined. In 
addition to hardware built to commercial specifications, similar hardware built 
to aircraft and military specifications was selected to gain understanding of 
the design differences resulting from different specification requirements. 

Equipment with differing physical characteristics was selected to assure 
examination of many design issues. Packages \;hich are rack-mounted and other?; 
that are bench-mounted were selected. Integral and modular packaging techniques, 
such as those used by the nuclear instrumentation modules (NIM) and CAMAC, are 
represented. Equipment employing Integrated circuits (IC*s) and metal oxide 
on silicon-field effect transistors (MOS-FET) was identified to gain understand- 
ing of the suitability of hardware with technology more closely related to that 
of the Shuttle era. 

Final selection of specific equipment items for analysis was based on tlie 
availability of manufacturer data. Similar studies have found that many manu- 
facturers have not wished to provide data on their commercial equipment for 
either economic or conqietitive reasons. This selection criterion is a practicri] 
condition which assures the most complete information for the subsequent 
detailed analysis. 

The approach employed to select hardware Items for specific analysis is 
shown on Figure 2-5. The selection process had two phases. In the first phisi. 
equipment types vrere compared to determine which types would be best to analyze. 
During the second phase, specific available packages were Identified for each 
selected equipment type which provided the broadest cross-section of design 
issues. 

2.4.1 Equipment Selection Approach 

Selection of the equipment for analysis was made from -he 425 items in trie 
shopping list by successively grouping and eliminating items with common char- 
acteristics. First, the list was condensed into 90 different types of hardware 
by grouping common equipment such as all receivers regardless of frequency band. 
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centrifuges regardless of speed, spectrometers and spectrophotometers regard- 
less of spectrum band, etc. Next, these types were ranked according to relative 
procurement expense. Then, starting with the most expensive equipment type, 
the primary operating principle of successively less expensive types was com- 
pared. Less-expensive types with similar operating principles, such as elec- 
tronic packages, were eliminated In favor of equipment with different operating 
principles such as optical or chemical analysis hardware. The representation 
of the resulting 25 types of equipment In each of the science and application 
disciplines was then validated to assure that at least one item from a payload 
In each discipline had been selected. 
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Figure 2-5. Equipment Selection Approach 


The selected hardware group was Increased to 34 to assure representation 
of different design characteristics. Additional Items which were packaged as 
NIM (nuclear Instrumentation modules) and ATR (air transport requirement or Austin 
Trumbull Radio) modules were added to commercial counterparts selected for a 
single equipment type to examine different Installation approaches. Items 
which were representative of Mil-Spec and airborne specifications were also 
added to the commercially available units. Finally, selected advanced state-of-the- 
art hardware was added by the group. 

The final group of selected hardware was changed slightly after soliciting 
Information from the various manufacturers and determining which units were 
available for Inspection. Twenty-nine out of 34 units were visually Inspected, 
improving the depth of the suitability analysis. 
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2 *4. 1*1 Equipment-Type Comparison 

Relative Procurement Cost * The quantity of each type of equipment esti- 
mated for the sortie experiment program and its retail coat was used to estimate 
the relative procurement cost for that item in the program. Equipment quanti- 
ties identified in the functional requirements data bank were extended to the 
entire experiment program by applying the following ground rules and employing 
the payload flight schedule defined in the October 1973 mission model* 

1. An equipment life of five years* 

2* A single experiment module can be launched no more frequently 
than once every six months. 

3, Hardware identified for one payload cannot be flown with 

a. other payload unless it was identified as core equipment - 

4. A single piece of equipment cannot be used in more than one 
discipline* A duplicate must be purchased if requirements 
are identical. 

The five-year life is based on technological change^ cyclic life consider- 
ations, and the duration of the sortie experiment program. Technology chaure 
Ln any five-year period are expected to make replacement of experiment equip- 
ment with Improved hardware desirable. For a few items that historically have 
experienced rates of slow technology evolution, a lifetime greater than five 
years was assumed. Greater scientific benefit will be achieved per flight with 
improvements in equipment capability justifying such changes. Since the equip- 
■^lent is not initially built for space, a maximum of 10 cycles (one launch everv 
6 months for 5 years) through the launch-space-reentry environment was judged 
to be a reasonable goal. A lower number of cycles would emphasize equipment of 
payxoads which have repeat flights. Since equipment components of repeat flights 
are totally defined, over-emphasis might lead to improper equipment selec- 

tion. Finally, a few sortie payloads flv for more than 10 years. Therefore, 
this ground rule generally requires at lease one replacement during the sortie 
experiment program. Such a replacement schedule would be expected In most casej^ 
uc.der any circumstances. The estimation of equipment quantities appe£.rs in 
Volume tll, Section 5,0. 


An average six-month turnaround duration for refurbishment of Space lab 
experiment modules is based on in-house studies of experiment integration 
activities'^. This dur.'^.tion may be shorter for payloads which require little 
or no refurbishment, and longer for other payloads which have significant chani;c- 
out or recalibration requirements (such as astronomy payloads). Six months is 
considered a fair average. A much shorter turnaround Is envisioned for the 
Spacelab support module; however, it is assumed not to house experiment hardwart. 


\’AS1-12933, 


Spacelab User Implementation Assessment Study 


2-11 


sr> 7A-SA-0017-: 


1 


I 


I 



space Division 
Rockwell International 


Equipment identified for a given estperltnent module was assumed to remain 
with that experiment module for many reasons; (1) refurbishment of experiment 
modules will probably occur at many locations — making the shuttling of equip- 
ment packages a complex, costly logistics problem; (2) the cost of additional 
checkout and calibration activities caused by removal and relnstallatlon of 
hardware will be greater than the purchase ot an additional piece of hardware; 
and (3) the time spent for these additional integration activities would 
lengthen the turnaround time of ejqjerlroent modules, possibly impacting the 
sortie experiment flight schedule. Similar logic applies to the use of the 
same hardware in different disciplines. Changeout complexities could be 
Increased by minor modifications or accessories that may be particular to a 
discipline which are Incompatible with another discipline. 

Figure 2-6 shows an example of the determination of the relative procure- 
ment cost for a unit on board the Advanced Technology Laboratory (ATL) . The 
October 1973 mission model shows that ATL flights occur throughout the 12 years 
of the mission model. A five-year equipment life study guideline requires that 
three sets of equipment be installed in the lab. Since a six-month turnaround 
time is required to refurbish each Spacelab experiment module, the ATL would 
require two experiment modules, doubling the equipment complement. A resultant 
total of six equipment sets are, therefore, needed in the ATL program. 

OCTOBER 73 NASA MISSION MODEL 


CY 

eo 

B1 

62 

B3 

84 

66 

b6 

87 

68 

B9 

90 

9\ 

TOTAL 

ADVANCED TfCHNOtOGf' Wa 

2 

4 

4 

_1j 

4 

4 

4 

4 

4 

4 



4 

4 

46 


5- YEAR LIFE 1 > 

6- MONPI TURNAROUND ,l 

ADJUSTMENT — 

EQUIPMENT SETS 6 

OSCILLOSCOre * 1 

TOTAL EQUIPMENT QUANTITY ^ 


RHAIl COST RANGE x IK TO 3K 

RELATIVE PROCUREMENT COST TO 1S1 

FOR ATI PROGRAM 


1 

♦I 


Figure 2-6. Estimation of Relative Equipment Procurement Costs 

The cost range for oscilloscopes needed on the ATL is then determined by 
multiplying the equipment sets (6) by the number of unite on the ATL payloads 
(1) , and by the retail cost range of that equipment ($1000 to $3000). Similar 
calculations would be made in other disciplines also using oscilloscopes. The 
sum total of these amounts would define the relative programmatic procurement 
cost for that item. 

These total costs should not be interpreted as actual programmatic costs. 
Procurement costs will probably be much higher because modifications or, in 
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some cases ^ custom-building rlie hardware. However, this approach eirtploys costs 
from a common reference, retail costs, and therefore the relation of the equip- 
ment in the ranking is valid. The ranking is only Intended as a selection tool 
and not as an indicator of the absolute magnitude of Spacelab equipment costs. 

Since the selection criterion uses relative cost as a discriminator, the 
ranking of hardware by cost to the experiment program would not change signifi- 
cantly if aerospace costs, rather than retail costs, were used. Retail costs 
are an indication of complexity, state of the art, and production rate. Aero- 
space costs generally are estimated relative to state of the art and complexity. 
Manufacturing lot sizes are always small. Savings through mass production 
drives the retail cost of some items down lower than they would be on a relative 
scale based on low-production aerospace development costs. However, not many 
scientific instruments are mass-produced. Those that are, are used in suffi- 
cient quantities in the sortie experiment program to raise their total procure- 
ment cost and — as a result — their relative rankings Also, since a 
significant number of equipment items will be selected, location in the ranking 
relative to individual items is not important — only an item's location within a 
segment of the ranking. 

Table 2-3 lists the common equipment types ranked according to relative 
procurement cost. Highest rankings went to the equipment types which had the 
highest average relative procurement cost. 

Primary Operating Principle . The number of equipment types of interest 
was reduced from 90 to 25 by comparing operating principles of the equipment 
and eliminating those that were similar. Table 2-3 illustrates this process. 
Starting with the most expensive units, units are selected until lower cost 
units which have similar design characteristics are identified. These similar 
units are passed over in favor of other units that cost less, but are represent- 
ative of different operating principles. (Cameras are exceptions to this logic 
and are discussed later.) For example, a TV monitor was not selected because 
it has a CRT tube and electronic components similar to the previously 
selected keyboard/display terminal or the oscilloscope. The holographic imager 
Is a device using optics and a laser to generate three-dimensional images. It 
was rejected because a laser had previously been selected. Similar logic was 
used on other items. 

Still, cine and TV cameras were excluded from selection because commercial 
units have already flown in space. Hasselblad and Maurer cameras were used on 
Apollo and Sky lab* A vidicon developed by RCA for space operations WdS also 
used and is available. Selecting alternative sources to these units and per- 
forming a suitability analysis on them would not yield any new information. 

Also, cameras are small enough to store in a protective container when not in 
u=>e , reducing the need for significant modifications. Although they were not 
analyzed, their successful use in space ndicates that available cameras can 
cost-effectively be employed on the Spacelab. 

The resultant breakdown of basic design approaches used for the selected 
types is shown on Figure 2-7. Total representation exceeds the number of 
equipment types (25) because of dual representation by some types such as an 
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Table 2-3. Equipment-Type Selection 


Item 

Average Helatlvc 
Procurement 
Cost 
($K) 

1 

Selection 

Action 

Rejection Rationale 

Tape Recorders 

1560 

s 


SDectrometer/Spectrophotometer 

840 

s 


Lasers 

720 

s 


Computer 

610 

S 


TV Camera 

570 

R 

Space-rated hardware available 

Receivers 

530 

s 


Blood Cell Counters 

380 

S 


Spectrum/Wave Analyzers 

350 

s 


Frequency Generators 




Strip Chart RtiordersA"Y Plotters 

290 

s 


Cine Cameras 

280 

R 

Space-rated hardware available 

Keyboard/Display Terminal 

242 

s 


Gas Chnmatograph/Gas Analyzers 

220 

r> 

O 


Transmitter 

156 

s 


Metabolic Analyzer 

122 

R 

Similar to gas analyzers 

Microscope 

114 

S 


Computer Input/Output Devices 

106 

s 


CA/0 converters^ amplifier, etc.) 




Oscilloscope 

102 

s 


Timer 

69 

s 


Volt Ohm Meter 

64 

s 


Signal Generator 

63 

R 

Similar to spectrum analyzer 

Electrophoresis 

54.4 

S 


Symbol Generator 

47 

R 

Similar to previously selected electronics 

Pyrometer 

38 

R 

Small, easily protected, similar to selected 
optics 

Accel efo:neter 

35 

R 

Similar to previously selected electronics 

Scanner Programmer 

35 

R 

Similar to computer 

Laser Optics 

32.8 

R 

Similar to microscopes 

Furnace/Oven 

30 

S 


Radiation Sources 

30 

R 

Buy as delivered from A EC 

Dewar 

27.6 

S 


Photo Processor 

25 

R 

Similar to laser 

Incubator 

24 

R 

Similar to ovens 

TV Display 

24 

R 

Similar to keyboard/display 

Power Sgpply/Conditioner 

22 

S 


Refrigerator/Freezer 
Lyophilization Unit 

20 

S 


19 

R 

Similar to refrigerator 

Acoustic Transducer 

16 

R 

Similar to previously selected electronics 

Optical Particle Detector 

14.5 

R 

Similar to spectrophotometer 

Still Camera 

14 

R 

Space-rated hardware available 

Bandpass Filter 

13.7 

R 

Similar to previously selected electronics 

Centrifuge 

13,5 

S 

Blood Clrculaticn Instrumentation 

13.2 

R 

Similar to previously selected electronics 

Radiation Counter 

13 

S 

Physiological Monitor 

12.4 

R 

Similar to previously selected electronics 

Microfilm Viewer 

12 

R 

Similar construction to strip chart recorder 

Power Meter 

11 

R 

Similar to previously selected electronics 

Microtome 

7.4 

S 

Acoustic Generator 

7.2 

R 

Similar to power supply 

pH Meter 

5.9 

S 

Compressor/Piimps 

5 

R 

Similar to centrifuge 


QOArppy 
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electrophoresis device which is electro- chemical. The preponderance of electri- 
cal equipment is representative of the distribution of equipment types in the 
various sortie laboratories. Electronic Instrumentation is prevalent in all 
the laboratories. Representation of the other technology areas is adequate to 
understand their associated design issues. 


CHEMICAL 

OPTICAL 

MECHANICAL 

ELECTRICAL 
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Figure 2-7. Equipment-Type Primary Operating Principle 


Science and Application Discipline Representation . The selection criteria 
required selection of at least one unit from each discipline. The selection 
approach tends to emphasize those items which are needed in significant quanti- 
ties and, as a result, the selected items are identified in more than one 
discipline. Figure 2-8 shows that each discipline is represented by at least 
five selected units reflecting this cross-discipline representation. 


ASTRONOMY 

HIGH-ENERGY ASTROPHYSICS 
SOLAR PHYSICS 

ATMOSPHERE AND SPACE PHYSICS 
EARTH OBSERVATIONS 
EARTH AND OCEAN PHYSICS 
SPACE PROCESSING APPLICATIONS 
LIFE SCIENCES 
SPACE TECHNOLOGY 
COMMUNICATION/ NAVIGATION 



Figure 2-8. Discipline Representation 

The quantities identified for each discipline reflect the general location 
of experiment equipment in that discipline. The experiment equipment of tho 
Astronomy, High-Energy Astrophysics and Solar Physics disciplines are located 
on the pallet. The pressurized module acts only as a control center and as a 
result only contains core-type support hardware. Therefore, the representatinn 
of equipment from these disciplines is understandably low. Many e>Tperiments 
are performed in the Spacelab in the Space Processing, Space Technology and 
Life Sciences disciplines. In the case of Life Sciences, all are internal. 
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This discipline also has the greatest potential for using commercial equipment 
because its instrumentation requirements are frequently the same as those on 
Che ground. Space Technology has high representation because its experiments 
are similar to those in Earth Observations, Life Sciences, and Communication/ 
Navigation disciplines which are well represented. 

2. 4. 1.2 Specific Package Comparison 

Table 2-4 lists the selected equipment types and the specific available 
units that were analyzed for their suitability to space operations. Also 
shown is the representation of the selected units with respect to the selec- 
tion criteria. 


Design Characteristics Representation . Hardware was selected that pro- 
vided broad representation of available hardware. Units were selected from 
firms that were leaders in their industry such as Beckman for biomedical 
Instrumentation, Tektronix and Hewlett-Packard for electronic instrumentation, 
Clay-Adams for centrifuges, and American Optical for microscopes. Other units 
were selected because other sortie payload studies Identified them as suitable 
for Spacelab operations, such as the Astro furnace. Still others were selected 
because they displayed design issues of Interest. To achieve such representa- 
tion, more than one available unit was selected for certain equipment types. 

For example, a NIM-type timer by Tennelec was selected along with the 19-inch 
rack-mounted Datatron timer. In another case, both commercial and mil-spec 
volt/ohm meters were selected. Additions such as these caused the final 
number of items for analysis to increase from 25 to 34. 


Representation of different design specifications by the selected hard- 
ware is shown graphically in Figure 2-9. Available airborne equipment appli- 
cable to this study is limited to recorders, computers, signal conditioners, 
receivers and transmitters, leading to the low representation of this type of 
hardware. Three airborne units were selected. Selection of the Ampex AR700 
occurred because it was not only an airborne unit, but it was the specific model 
that was modified by Martin Company for use on the Skylab. Selection of an 
airborne receiver and a transmitter was natural because of the availability 
of this type of hardware. The Mil-Spec units represent varying degrees of Mil- 
Spec design. The Fluke DVM and the Hewlett-Packard oscilloscope are more rugged 
than the Singer unit and the Fluke spectrum analyzer. The former units are 
designed for field uee which accounts for the ruggedness of their designs. If 
the Army Field Medical Laboratory^ effort ever moves into the hardware phase, 
additional Mil-Spec units in the biomedical field will be available to Spacelab. 


Packaging approaches of the selected hardware Include ATR, NIM, and conven- 
tional bench- and rack-mounted configurations. The distribution of the different 
configurations is shown in Figure 2-10. Many airborne units can be obtained as 
ATR modules. Of the three airborne units selected, the Collins receiver and the 
RHG transmitter were of this configuration. NIM configuration equipment appears 
limited to nuclear- related and conq>u ter- related hardware. In addition to the 
particle counter, the timer* and the analog-to-digltal converter, a NIM bin power 


^SID 67-269, Phase II, Army Field Medical Laboratory Program, Phase II, Laboratory 
Feasibility Equipment Evaluation and Development Data Systems Study Report, 
Rockwell, 2/28/67 
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Table 2-4. Selected Equipment Representation Sumraary 
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supply was selected so that the major elements of the NIM system could be better 
understood. CAMAC hardware was not selected » but its packaging approach is 
similar to the NIM approach. The remaining units were either bench- or rack- 
mounted. Most of the electronic packages can be obtained in a 19-lnch EIA 
rack-compatible configuration. NIM hardware is also compatible with 19-lnch 
racks. The ruggedized military units made for field use are exceptions to 
this generalization and are not available In a rack-mounted configuration. 



Figure 2-9. 
Design Specification 
Representation 


Figure 2-10. 

Package Installation 
Configuration Representation 


The selected hardware displayed a good balance of current and advanced 
technology as shown in Figure 2-11. The term "advanced technology" requires 
Interpretation since any available hardware could be classed as current by the 
mere fact that It is available. Components that are representative of the 
hardware expected to exist during the Shuttle era are advanced state-of-the-art 
units which utilized Integrated circuits, MOS-FET devices, laser and fiberoptlcs 
for light transmission. Units selected for these advanced characteristics 
Included the Research Incorporated display terminal which makes extensive use 
of integrated circuit chips, the Neff ampllfer which employs MOS-FET devices, 
and the Hone 3 rwell strip chart recorder which replaces the typical pen/galvan- 
oraeter marker with transmission of a CRT image by fiberoptlcs into photo- 
sensitive paper. 



Figure 2-11. 


State-Of-The-Art Representation 
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Availability for Inspection . Final selection of model number also hinged 
upon the availability of hardware for inspection. Contact with suppliers was. 

In general, good. Many brought demonstrator units Into Space Division and 
allowed the team to dismantle and photograph them. In other cases, the hard- 
ware was not available for inspection on the west coast. The model number was 
either changed or the suitability analysis had to rely only upon available 
specification data. 

Hardware inspection was achieved on 29 of 34 Items. Two activities 
contributed significantly to this high success ratio. First, the capital 
equipment tabulations of all Rockwell divisions in the Los Angeles area were 
consulted to identify selected hardware owned by this company which the team 
was assured of examining. Seven units were identified from this search and 
later examined. Second, a tour of the Beckman Instrumants facilities yielded 
even better results. Nine more units were Inspected at the Beckman plant. One 
unit in particular, the Coulter blood cell counter, could not have been inspected 
if Beckman had not had one In their laboratories. Contacts with Coulter Elec- 
tronics had not been successful. When talking to the president of the company 
he recommended that we buy a unit If we wanted to inspect it. This cype of 
response was not typical of the manufacturers and sales representatives contacted 
by the study team. 

2.5 CONCLUSIONS FROM EQUIPMENT SEIECTION ACTIVITY 

The three major achievements of the equipment identification and selection 
activity were: (1) the generation of a functional requirements data bank docu- 

menting the equipment requirements for all internally located equipment identi- 
fied in the sortie science and application disciplines; (2) development of a 
shopping list identifying available hardware that meets these functional require- 
ments; and (3) selection of 34 items from the shopping list for suitability 
analysis. 

During this effort, one conclusion was reached which is significant to the 
use of available hardware in space. Approximately 60 percent of the experiment 
equipment requirements of Spacelab could be satisfied by available hardware. 
Further study of available hard*^are catalogs might increase this percentage 
even high ter. There is such a wide variety of equipment available that the 
requirements of the Spacelab hardware usually can be achieved by some supplier. 
This fact should encourage NASA and principal investigators to examine catalogs 
of available hardware to satisfy experiment requirements before initiating a 
program to custom build specialized hardware for Spacelab experiments. 
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3.0 ANALYSIS OF SELECTED EQUIPMENT 


3.1 INTRODUCTION 

This section presents the suitability and cost analysis for the 34 selected 
equipment items Identified in the previous section. Equipment characteristics 
were compared to Spacelab interface requirements to Identify incompatibilities. 
Modifications were defined to corr'*.ct these incompatibilities and the cost of 
these modifications were estimated. The costing of custom procurement of the 
same equipment is also described. The costs of the two alternatives were com- 
pared in order to determine if off-the-shelf experiment equipment is cost 
effective for Spacelab applications. 

Figure 3-1 Illustrates the analytical approach employed. The baseline 
criteria for the modification and costing are provided by a Spacelab /Experiment 
Equipment Interface Requirements (SEEIK) document specially generated for this 
study. This document reflects a policy of minimum NASA/Spacelab Involvement 
with the experimenter prior to placement of the equipment on board Spacelab. 

The SEEIR document is included as Appendix D to this volume. Further discussion 
of rationale behind the document is presented in Section 3.2.2. 



DEFINE 

EQUIPMENT 

REQUREMENTS 

Figure 3-1. Logic Flow Diagram for the Analysis of Selected Equipment 
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The SEEIR criteria plus a sat of standard design guidelines were estab- 
lished to a level of detail adequate to discern significant unsuitable design 
features and define acceptable solutions for the selected units. Suitability 
was determined from a combination of visual inspection of the equipment items 
and available data from catalogs . maintenance manuals, and responses by suppli- 
ers to questions. Basic suitability and specific unsuitabilities were uniformly 
determined by using the same engineering team for all items. Where logical, 
similar design modifications were defined for common unsuitable characteristics 
in order to arrive at consistent cost in^acts. The suitability analysis and 
design guidelines are described in more detail in Section 3.2, and the modifi- 
cations and results are covered in Section 3.3. 

A “grass roots" cost estimating procedure was employed to establish modi- 
fication costs. Experienced instrument manufacturing personnel from Beckman 
Instruments provided fabrication costs based upon current manufacturing prac- 
tices. Rockwell and Beckman collaborated in developing standards for engineer- 
ing and test costs. These coats, along with documentation and project management 
cost, defined the total modification cost for each item. The costing of 
custom-procured hardware employs traditional techniques of cost estimating. 

Cost estimating relationships (CER's), applicable to particular types of equip- 
ment, were utilized to estimate procurement costs. The cost analysis effort is 
described in detail in Section 3.4. 

3.2 SUITABILITY ANALYSIS 

3.2.1 Approach 

The basic approach to evaluating the 3A selected items of equipment relied 
heavily upon visual litspection of the equipment items. Twenty-nine of the 34 
items were visually inspected. All covers, subassemblies, etc., were removed 
to observe pertinent design features. Criteria checklists and reference to 
standard design guidelines that reflect acceptable solutions to various SEEIR 
criteria were used to evaluate each item for acceptance and shortcomings. 

Table 3-1 summarizes the suitability and cost analysis activities for each 
equipment item. All items Inspected, except the ND-100 multichannel 
analyzer, were photographed to show overall construction as well as to high- 
light features Judged inadequate to meet SEEIR criteria. The photographs were 
referred to throughout the study for modification definition and costing. The 
RHG transmitter was not available for physical inspection, but the manufacturer 
provided internal pictures of it and similar units to illustrate its construc- 
tion. Published data such as specifications, maintenance manuals and operations 
manuals were acquired to aid Judgment on adequacy of design. Also, the counsel 
of other technical personnel engaged in testing or design on other hardware 
programs was sought to help verify Judgmental standards. This was particularly 
true in the areas of vibration and material usage. 

Information was collected on checklist work sheets similar to that shown 
by Figure 3-2. The acceptability, uncertain acceptability, or unacceptability 
of each equipment characteristic was checked on the work sheet and amplifying 
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Table 3-1. Summary of Activities For Each Selacted Item 


Item 

Pi ctures 

Data 

Inspection 

Modi f i cati on 
Definition 

Modifi cation 
Desiqn 

Fabrication 

Cost 

Total Hod Cost 

Custom Cost 

Cost 

Comparison 

AMPEX 

AR700 

X 

X 

X 

X 

X 

X 

, 

X 

X 

X 

HONEYWELL 

5600 

X 

X 

X 

X 

X 

X 

X 

X 

X 

DIGITAL EQUIPMENT 

PDP8 

X 

X 

X 

X 

X 

X 

X 

X 

X 

RESEARCH 

3311RN 

X 

X 

X 

X 

X 

X 

X 

X 

X 

COULTER 

Fn 

X 

X 

X 

X 

0 

Q 

0 

X 

n 

OATATRON 

3150 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TENNELEC 

TC545 

X 

X 

X 

X 

X 

X 

X 

X 

X 

BECKMAN 

24 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SINGER 

NM37/57 

X 

X 

X 

X 

X 

X 

X 

X 

X 

RHG 

W1900 

X 

X 

0 

X 

X 

X 

X 

X 

X 

COLLINS 

618M-2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NEFF 

126 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NUCLEAR DATA 

100 

0 

X 

X 

X 

X 

X 

X 

X 

X 

HEWLETT-PACKARD 

141T 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SINGER 

SSB 50- IL 

(1) 

X 

0 

X 

X 

X 

X 

X 

X 

FLUKE 

645M 

1 

X 

0 

X 

X 

X 

X 

X 

X 

SYLVANIA 

948 

X 

X 

X 

X 

X 

X 

X 

X 

X 

BECKMAN 

6700 

X 

X 

X 

X 

X 

X 

X 

X 

X 

AMERICAN OPTICAL 

K20 

X 

X 

X 

X 

X 

X 

X 

X 

X 

HONEYWELL 

1858 

X 

X 

X 

X 

X 

X 

X 

X 


FLUKE 

8200 

X 

X 

X 

X 

X 

X 

X 

X 

1 

FLUKE 

8125 

(1) 

X 

0 

X 

X 

X 

X 

X 

X 

TEKTRONIX 

485 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H/P 

AN/USM 

0 

X 

0 

X 

X 

X 

X 

X 

X 

• BECKMAN 

R 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ASTRO 

1000 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CRYO ASSOC. 

LR90 

X 

X 

X 

0 

0 

0 

0 

X 

0 

SORENSEN 

SLR40 

X 

X 

X 

X 

X 

X 

X 

X 

X 

POWER DESIGN 

AEC320-3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

CLAY ADAMS 

CT1004 

X 

X 

X 

X 

X 

X 

X 

X 

X 

REVCO 

ULT185 

X 

X 

X 

0 

0 

0 

0 

X 

0 

ORTEC 

401 

X 

X 

X 

X 

X 

X 

X 

X 

. X 

AMERICAN OPT 

820 

X 

X 

X 

X 

X 

X 

X 

X 

wm 

BECKMAN 

Phaser I 

X 

X 

X 

X 

X 

. 

X 

X 

X 

Qi 


(’) Pictures available in maintenance manuals or other data. 
0 No activity. 
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COMMERCIAL EQUIPMENT EVALUATION SUMMARY SHEET 
FOR INDIVIDUAL UTILIZATIONS IN SPACELAB 

Model: Com pony; 




I CONSTRUCTION 

A. Shotterobles (with relecne restraints) 

B. 9-G mounting/integrity 

C • Protrusions and edges safety 

D. 19* inch rack mount capobility 

E. Shock- vib*occel-acoustics resistance 

F. Depressor, hazard suppreu ion 

G. EMI generation suppression 

H. EMI susceptibility protection 

II MATERIALS USAGE 

A. Fioking and peeling resistance 

B. Concentrations of flammable/ 
unidentified materials 

C. Non-prevelont commercial 
materials (or warnings on 
handling/usoge of item) 

D. Resistance to combustion ignition 
Ml INPUT POWER COMPATIBILITY 

IV THERMAL COMPATIBILITY 

V DATA SYSTEM COMPATIBILITY 

VI ATMOS. CONTAM. RLSISTANCE 

VII ZERO-G OPERABILITY 

A. Human factors 

B. Functional operotion 

C. Loose parts/constroints 

VIII AUDIBLE NOISE 


Figure 3-2. Typical Evaluation Summary Sheet 
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remarka added as inspections and data evaluations were made. General modifica- 
tion requirement summary sheets were then prepared from the checklist data and 
from other data relating to peculiar requirements not covered by the general 
checklist. A sample modification requirements summary sheet is shown In 
Figure 3-3. In general, a conservative approach for costing purposes was taken 
by assuming the need for modifications where a reasonable doubt of suitability 
existed, as well as for design characteristics that were clearly unacceptable. 
Testing of these items would resolve the uncertainties. Ihese modification 
summary sheets were used by design engineers to select standard modifications 
or to define any necessary unique designs as needed for realistic costing. 

This same process was essentially repeated, using the same photographs and 
data accumulated in this task, to determine the delta modification requirements 
to implement the current version of NASA Equipment Specification EC006MOOOOOA. 
Tile E0006M evaluation is described in Section A.O. 


MODIFICATION RgQUIREMENTS SUMMARY 
FOR 

TENNELEC COUNTER (NIM ASSY) - TC545A Counter/Timer 
(Excludes Nuclear Detector) - TC2I6 Linear Amp/Set 

- TC909 Power Supply 

A. Provide 0.5-in. min. radii guard on NIM bin to prevent bodily contact with 
panel controls.* 

B. Vibration Protection (shockmount, worst axes random plus sine specs): 

1 . Stiffen/support TC545 and TC216 circuit boards from excessive 
deflection (oil canning). 

2. Suppwt/stiffen lead-mounted parts^such as ceramic capacitors, on 
circuit boards to prevent fatigue bending. 

3. Support end-mounted trimpots in TC545 and TC216. 

4. Support large lead-mounted capacitors in die TC909. 

5. Tie wires/bundles to prevent fatigue bending at connections (3 modules); 
see photos. 

6. Push-on transistor heat dissipators (2 in TC909) from loosening. 

7. Screws/ knobs, thumbscrews from backing out (3 modules). 

C* Bake out for equivolent 150 hours operation to expel surface gases (3 modules). 

D. Provide flame retardant for unidentified organic electronic port materials on 
circuit board and circuit board itself (3 modules).** ' 

* Assume that a 19-in. rack mount bln will be used in place of the portable 
unit inspected. 

**Wirlng is TFE per Tennelec rep. (Shuttle rated A for flammability and offgassing) 

- 


Figure 3-3* Example Copy Of A Typical SEEIK Modification Summary Sheet 
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3.2.2 Spacglab/EKparlnant Equipmnt Interface Bequlreiaents (SEEIR) Document 
3.2. 2.1 Document Use 


In order to evaluate the selected equipment for suitability, it was neces- 
sary to have evaluation criteria available. Such criteria had to be at a level 
of detail to permit the analysis of specific designs of a wide range of func- 
tional equipment items. Ihe Spacelab/Experiment Equipment Interface Eequire- 
ments Specification was developed to fill this need. As the study progressed, 
the need for still more definition of acceptable design practice became 
necessary in order to assure costing consistency. The SEEIR design evaluation/ 
acceptance interpretations were used to fill the need. Areas for further study 
have been identified in many sections. The results of these studies could be 
incorporated into the SEEIR at some future date. 

The use of the current version of the SEEIR, for purposes ott er than this 
study, should be tempered by the fact that many of the cited values will prob- 
ably change as a result of continuing Spacelab design definition. Also, a 
number of engineering Judgments were needed to resolve source data that were 
incomplete or in conflict. More justification and analysis may be warranted to 
support these derived requirements. 


3. 2.2.2 SEEIR Document Basic Philosophy 

The basic philosophy for the SEEIR document was to minimize the 
cost of experiment hardware by transferring the responsibility of successful 
equipment operation to the principal investigator (PI), recognizing however that 
some aspects of safety and experiment environment could not be readily compro- 
mised. The intent la to cake advantage of the benign environment existent in 
the Spacelab and acknowledge exposure to typical, rather than worst case, 
ground environments in order to maximize the potential use of commercial equip- 
ment designs. 


The PI would be responsible for assuring NASA that his equipment met safety 
requirements and his operational objectives. NASA would supervise nominal 
integrated' tests and inspections, prior Co taking the equipment on board Spacelab 
to verify that hazards or interferences to other Spacelab equipment do not exist. 
Savings could accrue to the PI and NASA by minimizing NASA involvement in such 
areas as program plans, design reviews, coordination/approvals , data generation 
and review and demonstration tests. Reliability, maintainability and other 
assurances would be consistent with the Pi's success objective, the scheduled 
reuse of equipment end betwe«n-f light refurbishment cepabllicles. 


The SEEIR to a first step Coward e Spacelab experiment equipment specifi- 
cation. Its Intended use wae only as an aid to the suitability analysis per- 
formed in this stucfy. If the SRj^IR Is used as e basis for the final NASA 
experiment equipment spe'Liflcatlon, further Investigation is needed to define 
Che mandatory assurscce cestlng and inspections for various categories of 
equipment in order to achieve adequate. safety confidence at low cost. Addi- 
tional investigations in the following areas are also recommended: generation 

of simplified vibration requirements, development of e design evaluation "cook 
book" for experimenters /designers, and definition of precise criteria for 
acceptance of unidentified materials or conditional flammables /toxins. 
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Data aourcss at«i listed in the Applicable Documents section (paragraph 
2f0) of the SEEIR> The original SEEIR document was updated on the basis of the 
Space lab Sys terns Seiiut remeh ts document bf the ESED RERI when; it becai^e availab le • 
A primary source of detailed environmental criteria was the EldlO Prelithihary 
Spaceiab Design Specifications (December 1973), The vibratitm specif icatlons> 
in particular « are relatively severe for typical comniercial equipment and should 
be reviewed and updated to the most recent design predlctione in ’any. subsequent 
uses of the SEEIR document. Shuttle program documents ware used to define 
acceptable materials. A SEEIR update should include more direct reference to 
general application NASA documents. The role ./of source documents used for SEEIR 
is covered further in the following discuss ions of the detailed ratiohale behind 
some of the more critical criteria. 

3. 2. 2. 3 General SEEIR Contents and Organization 


Figure 3-4 depicts the key contents and organization of the SEEIR. The 
specification mainly addresses the topics listed in the central triangular 
reglon of the dlagrani. These topics are covered in two sectlonsr The first 
section defines the Spaceiab capabilities and requirements, which can be 
categorized into three main groups : safety, environments and equipment supporL 

capability. The second section comprises the actual a 3 q)eriment equipment 
requirements. The latter cw be categorized as those requirements that impact 
Spaceiab safety and envirohmehtal preservation requirements, aid 
are necessary only to jtontend with the Space lab-^provided environment and 
support. . 



Figure 3 “4, Interface Specification Ascription 
Key Contents and Organ Izatlon 


OP POOR 


PASBia 

fgamn 
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Equlpnent isqulrsnents that inpaet Spacelab requirements are considered 
mandatory. Other requirements are neceaaary for experiment success » but do 
not affect the Integrity of the Spacelab. 

The first section of SEEIR documents Spacelab characteristics. Experiment 
equipment requirements derived from these characteristics are placed In the 
latter part of the document. In many cases the equipment requirements, Sudi 
as environments, are identical to Spacelab design capability, and hence, 
merely refer to applicable Spacelab requirements. In other cases, the equip- 
ment requirement may need more detail, or represent an allocation of the 
Spacelab total support capability. 


3. 2. 2. 4 Explanation of Specified Requirements 

This section discusses the sources of data, problems, assumptions, 
rationale, use and selection of specific experiment equipment requirements 
that make up the SEEIR. Requirements can be conveniently categorized as 
safety provisions, equipment environments, and support capability. The 
discussion has been organized by key topics rather than by specification 
paragraphs. Pertinent subparagraphs under 3.1.1, Spacelab Beslgn Character- 
istics and 3.2, Experimenter Equipment /Materials Requirements, of the SEEIR 
document are covered where significant issues may be involved. 


3. 2. 2. 4.1 Safety Provisions 

Caution and Warning (C&W) . The ESRO Spacelab RFP requires C&W for all 
potential hazards that may develop during the mission, ^e ERNO Spacelab 
studies and design data provide audio and visual display of caution and warn- 
ing conditions. Independent emergency power for CfiW is Indicated. Each Item 
will be evaluated for hazards and unique C&U needs. Functional failure of 
most experiment equipment Items will not generally affect Spacelab operation. 
Hazards such as fire or leakage can be handled by ”tack-on" sensors and inte- 
grated logic converters. In most cases sensors could be attached to the 
mounting rack or equipment exterior when prudent to augment overall Spacelab 
sensor systems. MOre definitive study Is suggested to develop ground rules 
for providing necessary Spacelab C&W with a minimum of Impact on experiment 
equipment and also to define those conditions where experiment equipment must 
provide specific .design for CfiW . 

Plfumimbillty-Toxicltv-Out gassing. The allowable materials listing from 
the Shuttle program was used to Judge whether known materials were acceptable 
with respect to flammability, .oxtclty and outgasslng for an air atmosphere. 
Mercury , cadMum and methyl chloroform were prohibited for any use based upon 
consultation with in-house materials experts. 
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All constituent materials could not be precisely identified for the equip- 
ment analyzed. However, it was concluded that the risk of dangerous quantities 
of toxics is minlmsl for off-the-shelf items in extensive use. Occupational Safety 
and Health Administration Act (OSHA) requirements, military specifications 
and accumulated experience make similar components acceptable for home, factory 
or laboratory. These same specifications reduce the risk to Spacelab inhabi- 
tants from materials in available equipment. However, since outgasslng and 
flammability are rigid safety issues, all unidentifiable materials are assumed 
to be flammable. Ihreshold limits for chemical contaminants quoted in the 
specification were originally developed for the Space Station Phase B study and^ 
repeated in EBNO documentation. All wiring and PVC-appearlng plastics are . 
assumed *:o be PVC and flammable if not identified as a nonflammable such as 
TFE, phenolic epoxy, etc., which are approved by Shuttle. Circuit boards are 
coated with an impermeable film to prevent outgasslng and fire. Typical elec- 
tronic components are assumed acceptable without specific materials identifica- 
tion when in totally enclosed containers, preventing migration of air to support 
combustion, excepting certain parts /materials which are specifically prohibited 
such as mercury, cadmium, etc. The prohibited parts would be easily identified 
with the aid of cook-book rules to be providled (l.e., lamp bulbs and nixie 
tubes may contain mercury and must be replaced, etc.). Where deemed necessary, 
it is assumed that fire-retardant encapsulants could be applied. Cadmium- 
coated chassis are prohibited. It is assumed that unidentified materials could 
sputter flaming particles, therefore, screened or solid enclosures or fire- 
retardant encapsulation is required where ignition is possible. Combustible 
paths to points external to the case are to be eliminated. 

One-hundred percent material Identification is not required by the specifi- 
cation. Justification for not requiring 100-percent materials Identification is 
strengthened where' fused circuits and low-circuit voltages essentially eliminate 
short-circuit fire ignition. The precautions of conformal coating and 150-hour 
bakeout reduce hazards to an acceptable level. Metal enclosures, further 
enhanced by rack metal barriers, minimizing the potential for external ignition, 
provide added justification. 

To reduce the hazard from trace gas contamination. It was decided, accord- 
ingly, to require a 150-hour equivalent operational bakeout to drive off surface 
gases and volatile heavy organics. The effectiveness of this process would be 
verified during Spacelab integration tests. Periodic gas samples from the 
bakeout chamber are recomnended to assure that the volatiles driven off have 
dropped to an acceptable level after 150 hours. Longer durations may be neces- 
sary in a few cases. Elevated temperature and/or reduced atmospheric pressures 
could be utilized to expedite the process. 

While the rationale for the SEEIR appears reasonable, a study effort for a 
more dcta'^led analysis and documentation of rules and requirements Is suggested- 
Cadmium-plated chassis (coated or uncoated) may, in fact, be accep table— at least 
within onclosed/protected containers— and/or where credible ignition sources do 
not exist. 

Electrical Grounds . Prevention of electrical shock from normally accessible- 
surfaces, whether from static electricity or faulty circuits, is mandatory. 

Such control is consistent with 1970 OSHA standards. Compliance must also satisfy 
EMI control requirements for signal and case grounds. 
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Edges and Protrusions . The EBNO preliminary design data require 0.5~lnch 
radii on edges and comers and no dangerous protrusions (presuioably In travel 
lanes). This criterion for equivalent protective guards was adopted for SF.EIR. 
Other source data suggested that a lesser radii may be tolerated. However, for 
this study the lesser radii would have little effect on cost estimates. 

Mounting Integrity-Loose Items . Shuttle documentation indicates a maximum 
9-g crash load on item mounting and integrity (l.e., no loose parts may become 
projectiles) In the -4-X direction. EBNO data also Indicate up to 14 g rms 
(20 to 2000 Ha) random plus up to 3~g peak sinusoidal vibration for launch/ 
reentry conditions for hard-mounted (to Spacelab) items. Up to 4.4 g rms 
(20 to 2000 Hz) random plus 3-g peak sinusoidal is stated for shock-mounted 
items. Since this was the only definitive data available it was accepted as 
baseline. 

Loose items in Spacelab that might cause short circuits, Injury, discom- 
fort, inconvenience or damage were precluded. These include items that could 
come loose in a 9-g crash or ’’float” about in zero-g as a result of prior 
exposure to vibration. Chassis and part-mounting screws, thumbscrews, control 
panel knobs , door latches , and connector matings were reviewed to assure that 
they withstand both vibration and acceleration loading. 

Touch- Temperature . The ESRO BEP and other data Indicate that touch- 
surfaces should not exceed 115 F, which was accepted as baseline. 5ome MIL 
specifications, such as MIL-STD-1472A, allcw 120 F (for handling) versus 140 F 
(Inadvertent). The selected value was the most conservative and is consistent 
with other manned space programs. 

3. 2. 2. 4. 2 Equipment Environiaents 

Flaking-Peellng-Shatterlng . The ESRO RFP and ERNO documents site a 
Class 100,000 cleanliness environment for Spacelab on the ground, with 5-mlcron 
filtering subsequent to launch. Consistent td.th this requirement, internal and 
external surface coatings must be free of visual evidence of flaking or peeling* 
A more stringent requirement was unnecessary due to the relatively short 
mission duration in which degradation may take place. 

A more critical requirement Is to prevent shatterables (such as glass) 
from getting into the Spacelab atmosphere. This would Include glass nixie and 
CRT tubes and fuses Inside an Item that could break for any reason and escape 
through holes in the case* An unresolved Issue Is the micron size and kinds 
of shattered particles and/or quantities that can be tolerated. Sealing or 
screening of case openings Involves secondary Impacts on thermal air-flow 
cooling* Within the range of uncertainty on allowable escape sizes, the modi- 
fication costs would not vary significantly, precluding a need for detailed 
analysis of optimum mesh slzea* 

EMI Generation . Extensive criteria In ERNO, ESRO RFP, MIL-I-6181D, 
MIL-STD-461 and -462, MSFC SL-B-001 and -002, and various spacecraft programs 
documents were reviewed. Satisfactory EMI control is historically difficult 
to achieve without fixes during verification tests, often because various 
shielding and circuit isolation rules ere not followed. 
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Use of wave propagation theory resulted in the shielding attenuation 
characteristics shown In Figure 3-S and Table 3-2. Attenuation as a function 
of shield material and thickness is given for E (electric), H (magnetic) and 
plane waves. Equipment Items that are totally EMI enclosed (not necessarily 
physically totally enclosed) with 0.040-lnch (0.1 cm) thickness ferromagnetic 
material attenuate EMI by about 200 dB or greater (factor of 1020) for all 
plane waves and electric fields, and for magnetic fields over 10 kHz In fre- 
quency. Significant attenuation (factor of almost 10^) occurs for H-fields 
down to 1 kHz. The 400 cps and 50 to 60 cps power frequencies are relatively 
less attenuated. Hence, high currents of these frequencies may need special 
or extra shielding such as multilayers Including copper. Since magnetic 
fields attenuate rapidly as a function of distance, only circuits close to 
relatively large currents are usually affected (l.e., 12 lnches/30 cm or less). 
Therefore, this intercoupling Is more of a problem with external cabling, which 
is not considered directly in the Item evaluations. However, the item output 
Interface should allow good cabling practices. That is. Interface connectors 
should facilitate routing of high-current, high-frequency signals or power 
supply wiring should be routed to special wire bundles and effectively shielded. 
Also separate signal returns, twisted and/cr shielded, should be allowed by 
^jiput /output circuits and connector Interfaces when needed. 

Finally, to prevent ground loops (that may Induce Input signal components 
caused by circulating currents due to differences In ground potentials) the 
dc signal returns and chassis/case grounds should be isolated so that they 
can be separately (tree-branch fashion) returned to single connecting points 
In Spacelab. Small filter capacitors connecting chassis to signal returns 
were deemed acceptable. 

These criteria appear consistent with the specifications reviewed, but 
are more design definitive so as to provide a specific means with which to 
evaluate each item for EMI design compatibility. Again, the complex nature of 
EMI suppression warrants more detailed study in order to generate more com- 
plete cook-book design criteria, and exceptions, for actual use In selecting 
Spacelab equipment and needed modifications. 

Considerations for item sensitivity to externally generated EMI is a non- 
mandatory Spacelab requirement that Is treated In the next section. Also, 
note that Intemal-to-an-itera EMI control is considered to be the experimenter's 
responsibility and therefore not addressed within SEEIR. 

Audible Noise . The ESRO RFP referred to the NC50 standard noise criteria 
(NC) curves for general Spacelab environment. ERNO stated a 5S-dB requirement, 
without reference to frequency spectrum, for Spacelab and also that 40 dB (no 
reference to distance or frequency was given) is the budget for each item in 
order to assure meeting the overall Spacelab requirement. The NC50 curve 
(MIL-STD-1472A, dated 15 May 1970) varies from about 73 dB ac approximately 
20 cps (center frequency of octave bands) to 47 dB at 4800 cps, with 55 dB at 
300 cps. It was decided to retain the 40-dB item requirement for the 20 to 
4800 cpS audio range at two feet in front of the installed ..tern. 
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Table 3-2. Calculated Shield Effectiveness Of 
0.040- Inch (0.1 cm) Sheet Iron (Copper) 


FREQUENCY 

1 FIELD INTENSITY REDUCTION (OB) I 

I H-FIELD 1 

PLANE WAVE | 

E-FIELD 1 

60 Hz 

12 

(25) 





400 Hz 

40 

(30) 

100 

(ISO) 

240 

(300) 

1 KHz 

55 

(34) 

140 

(150) 

200 

(240) 

10 KHz 

185 

(45) 

255 

(140) 

310 

(200) 

100 KHz 

615 

(») 

680 

(200) 

750 

(240) 

1 MHz 

1,350 

(150) 

1,300 

(220) 

1,350 

(250) 

10 MHz 

3,200 

(470) 

3,270 

(48» 

3,300 

(550) 

100 MHz 

5,500 

0,250) 

5,500 

(1,250) 

5,500 

(1,300) 

1 GHz 

6,500 

(4,000) 

6,500 

(4,000) 

6,500 

(4,000) 

10 GHz 

5,500 

(12,000) 

.5,500 

(12,000) 

5,500 

(12,000) 


Some Items have Intermittent high-nolse levels. A tape recorder rewinding 
a tape is a typical example. This type nolrt^ can be a beneficial warning sig- 
nal and is generally of short duration. Therefore, to quiet such designs was 
considered unnecessary and probably not in the best Interests of safe operation 
aboard the Spacelab. Hence, exception was made in the SEEIR for such short- 
term loud noises. 

Again, further analysis—possibly, working models — is warranted to set 
more substantiated criteria. It was found that cooling fans in some equipment 
are relatively noisy. Cost of their modification was Included in the study, 
but exceptions could possibly be taken in the final analysis. 

yibration-Shock-Acoustics . Vibration, shock and acoustics can also be 
considered a safety requirement to the ..tent that contribution to causing 
loose or shattered Items in Spacelab coi vd occur. However, this is only one 
possible cause of shattering. Of pr^'me concern is the disturbance of elec- 
trical and mechanical adjustments, loosening of structure, and component 
failure due to fatigue or yield-limit stresses. Performance during the high 
vibration periods is assumed to be unnecessary since equipment will be "OFF" 
in general. 

ERNO documentation states that shock will not be a driver. Since sources 
of shock are isolated through various attachments and structure, the energy 
will probably be converted to a vibration input at most item mounts, supporting 
this conclusion. 


(y lOOB fVttllEt. 
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The E8K0 acouetice-level Infomatloti was included In SEEIR for complete- 
neaa. The acoustics input from Shuttle is presuned to be transformed Into the 
ERNCKspectfled acoustics and vibration as a result of structure and attachment 
characteristics. However* the acoustics impact on eicperiment equipment in 
general is considered insignificant compared to direct vibration inputs at 
mounts. Each item is* however* evaluated for any unusual susceptibility to 
acoustic inputs. 

Of particular concern for item vibration acceptability are loosening of 
screws (chassis* parts* knobs* thumbscrews* etc.)* circuit card deflection 
(oil-canning)* parts and wiring fatigue breakage* and yield of solder joints 
or leads for '*heavy" lead-mounted parts * secondary resonance drivers (trans- 
formers on "flat plates")* cathode ray tube (CRT) neck supports* cantilevered 
mounted parts* aleutronle and mechanical adjustments (decalibration)* connector 
demating (harness* circuit cards, input/output) and other parts subject to 
resonance* yield or fatigue stress breakage. Each Item was evaluated for 
such factors. However* there is great uncertainty as to the specific ability 
of an item to withstand vibration. The evaluation judgments made are felt to 
be representative for group e mi ting purposes* but evaluation tests and/or 
refined evaluation rules are needed to better identify all problem modes on 
specific equipment. 

Atmospherics . Specifications for relative humidity* particulate contamin- 
ation, and the nominal equivalent air atmosphere were defined In the specifica- 
tion. These criteria were derived from the ESRO RFP and/or an interim NASA 
Sortie Lab reference document for eatperlmenters . It was assumed that the 
experiment equipment would not be required to be functional after a Spacelab 
depressurization since depressurization is not a Spacelab design requirement 
and would undoubtedly result in an aborted mission in any event. The safety 
aspects of depressurization* however* must be considered regarding the release 
of fluids/gases or shatterables. 

3. 2. 2. 4. 3 Item Performance 

Mounting Locations . The ESRO RFP, EHNO and MBB designs indicate that 
19-lnch standard rack-mounted equipment items are desirable. Cooling* 
volumetric efficiency* integration* human factors, safety and other factors 

presumable be more efficiently handled in this way. Racks can be made 
available for ceiling and under-floor as well as wall mounting. Therefore* 
the SEEIR provides for evaluating each Item for suitability for rack-mounting. 
The requirement inplles evaluating first for volumetric suitability. Where 
existing item design is for 19-inch racks (with or without catalog accessor- 
iefO* the capability for Spacelab Installation (human factors* vibration and 
crash loads with respect to mass) is still necessary. NIH, CAMAC and other 
smaller size modules can fit into 19-lnch rack-sized bins, crates or other 
substructures. Items not suitable for rack-mounting are assumed to be 
bench/shelf-mounted. The rack is assumed tc have vlb ration/shock Isolators 
with the resulting vibration characteristics cited In SEEIR. Benches were 
assumed hard-mounted so that any shock-mounting must be Incorporated Into the 
item or its mounting. In the absence of rack design criteria* it was assumed 
that cooling air would be made available in parallel to each item with needed 
ducts* deflectors or directors.. Also, a rack-mount guide rail and support 
pin configuration was adopted for relatively heavy items. 
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EMI SuBceptlbllltv . It was necessary to convert EMI system requirements, 
such as a 6->dB margin between susceptibility and background EMI levels, or 
teat levels /condition In MIL-STD-46X and -462, to design criteria that could 
be evaluated on each Item. Internal generation-interference modes are assumed 
to be the responsibility of the experimenter. Hie requirement of the 0.040- 
Inch (0.1 cm) metal case for generated EMZ attenuation also provides Incoming 
attenuation (shown by Figure 3-5 and Table 3-2), the same as for the EMI gen- 
eration case discussed previously (3. 2. 2. 5.2). 

Isolation of Input/output (I/O) circuit signal returns and common and 
power grounds avoids "reception" of cotonon mode noise as well as the prevention 
of "transmission" discussed above. In addltlfm, voltage levels and I/O circuit 
impedance requirements are specified in order to reduce the sensitivity to 
noise signals from high ln^edance coupled sources. Five to 12 volts output 
signal voltages were chosen since they are popular levels successfully used In 
Industrial and avionics noise environments when proper design and installation 
rules are observed. The 10-K ohm minimum output Impedance Is easily obtained 
with transistorized circuits. A lower value could prove more desirable and 
would not appreciably affect the cost analysis for the study. The same volt- 
ages and Impedance were assumed for full-scale analog signals. Theoretically, 
analog signals could run near zero volts although generally the signals of 
Interest are made to run nominally at 2/3 to 3/4 full scale. 

Input commands and other signals of an Item must be compatible with the 
output voltage and Impedance criteria of Interface units. It was assumed that 
command logic would be in the 5- to 12— volt range with a 1-K ohm impedance. 

This would be a Spacelab design requirement. 

The Spacelab remote acquisition units (RAU*s) should provide for adjust- 
able scaling within the noted voltage and impedance ranges, as a minimum, in 
order to avoid the general need to add circuitry to off-the-shelf items. 

The voltage- impedance-connector requirements were not applied to front 
panel Input/outputs intended for test probes or reconflgurable patch wiring 
to adjacent modules when evaluating items for suitability* 

Input Power Form . The power forms established are consistent with the 
ESRO RFP. Regulation tolerances associated with each voltage level were 
selected from other documents and typical practice. It Is assumed that the 
quantity of each Spacelab power type can be adjusted with parallel building- 
block converter units as long as the total available power. Including conver- 
sion inefficiency, does not exceed the total allotted to experiment equipment. 

A key assumption is that all ac power forms can be held to +1«0 cps in 
frequency. This appears reasonable, assuming electronic converters, and 
desirable since commercial equipment sometimes uses line frequency for 
clock/ g'*te /trigger timing. Finally, the 50-Hz source was added since the 
ERNO RFP indicated the requirement. However, simplification in power con- 
verters appears possible by using only a 60-cycle Source since 50-cycle 
equipment generally operates satisfactorily on 60 cycles. More effort Is 
also justified to further refine Spacelab power supply requirements such as 
transient regulation, short-term frequency stability, etc. 
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The SEEIR docunent etatee that equipment items using 1.0 Iw or move shall 
consider more efilcient use of power. In retrospect » since this represents 
one fourth to one third of the available power, and since most eiqierliaents 
appear well below this need, 250 watts appear to be a better upper limit to 
require apeclal efforts and integration coordination. Each mission will require 
a Spacelab management effort to coordinate total power usage timelines In order 
to assure adequacy of support without overloads. 

More efficient means of power conditioning and distribution might be 
effectively implemented in the Spacelab; l.e., each rack could contain all 
power converters needed for that rack. The possibility of requiring the exper- 
iment packages to use d>28 vdc only was considered. However, a trade study 
(see 4, 3, A) showed such an approach to be undesirable. Most packages convert 
ac to many secondary voltages, few of which are near 4'28 vdc. 


Data Handling . Data handling Is assumed to be a Spacelab core function 
and, similar to power, not budgetable to Individual Items In a general SEEIR 
document. The capability stated In SEEIR generally reflects interpretations 
from BRNO documents as well as ESRO RFP requirements. This has little Impact 
upon equipment Items except to identify the need for Interface capability, 

RAU capability to scale 5- to 12-volt logic or full-scale analog was assumed, 
consistent with the EMI requirements as discussed above. Where outputs to 
cabling do not meet requirements, buffer amplifiers Were added. 

Thermal . Values for ambient, wall, touch and ground storage tenq>eratures 
were basically taken from ERNO documentation and/or the ESRO RFF. These temp- 
eratures, along with relative humidity, are key values In evaluating require- 
ments. However, since they are relatively benign, small changes would have 
little impact on equipment modifications. 

It was assiimed In SEEIR that coldplates and rack air cooling would be 
provided by Spacelab. Althou^ two units were water-cooled, the furnace and 
the laser, none of the units analyzed required coldplate cooling. Instead, 
the designs provided for Internal water cooling* It Is not clear at this time 
whether a liquid coolant Interface to eaqterlment equipment will be available 
in the Spacelab. Further studies of equipment planned for the Spacelab should 
be made to resolve this Issue. 

It was assumed that units with fans did not need additional cooling pro- 
visions unless obvious dead-air spaces containing significant power dissipation 
were present. 

Zero-G Compatibility . The main areas of concern, as a consequence of 
placing 1-g designs Into a zero-g environment, are functional cap^lllty and 
power dissipation. Human factors Is a potential area for concern, however, it 
appears that usual operations on equipment such as adjustments, controls and 
switches can be operated effectively In space as long as shirtsleeve conditions 
and positioning restraints (foot/hand grasps, etc.) are adequate. Loose 
accessories, however, must be constrained from floating away In zero g. 
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The funetlonsl operation of each item requires careful scrutiny for subtle 
as well as obvious effects of gravity jperatlons. A general test is to ascer~ 
tain that operation is Independent of orientation in a 1-g environment, which 
is not currently stated in SEEIR, but was used as a tool in evaluating each 
item. 


The absence of natural convection In a zero-g environment requires evalu- 
ation of each unit for adequate thermal dissipation. For Instance, the need 
for convective air currents in enclosed boxes Is not obvious without access to 
design data. Therefore, It was assumed that moving air would be required over 
any power dissipation point unless it could be shown that direct conduction 
paths were adequate to dissipate Che thermal energy to the external surface of 
the unit. External air circulation was assumed to be adequate In all cases. 

3.2.3 Results of Analysis 

A sunmary of results of the suitability analysis Is presented In this 
section. The first portion Includes Illustrative examples of suitable and 
unsuitable conditions observed on the 34 items evaluated. A suomary of the 
unsuitable conditions for all 34 items is presented In the last part cf this 
section. 

The type of modifications recommended for each item is presented In 
Section 3.3. Volume III provides the detailed evaluation of each Item. 

3. 2. 3.1 Examples of Suitable and Unsuitable Equipment Features 

The following sequence of photographs were taken In conjunction with the 
suitability evaluation. Several dozen photos were taken of all but 6 of the 
34 Items. Those shown illustrate the range of sultablUty problems encountered. 

Collins Transceiver . The Collins VHF transceiver, Illustrated In 
Figure 3-6, is used In two-way conmuni cations and is potentially usable for 
the COM-NAV missions. It is illustrative of an ATR (Austin Trunbull Radio 
commonly known as Air Transport [Association! Requirement) modular 
with extensive, reUabU cosmercial and private aircraft service. The design 
criteria are defined by ARINC (Air Radio, Inc.) for these units. It Is an 
example of hardware that requires little If any design modifications for Spacelab 
experiment use. The close- to-the-board IC mountings and circuit board fasten- 
ing Indicate good resistance to vibration effects . Its totally enclosed case 
design eliminates any flanmabillty problem since fire cannot propagate from 
this box. and the stagnant air Inside the box would cause any flareup to be 
self -extinguished. The unit is qualified to operate up to 55,000 feet, which 
Is an equivalent cabin pressure of approximately 1.5 psla. As a result , 
thermal dissipation by conduction to the outer case and mountings is designed 
Into the unit. Even though the unit Is enclosed, a 150-hour bakeout to drive 
off residual surface contaminants was recommended for coating purposes. 
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Views of the transceiver chassis, shown In Figure 3-7, Illustrate mounting 
of heavier electronic ecNiponents and Internal EMI shielding. The heavy trans- 
fomier Is center-mounted rather than end-mounted. Electronlo co^onents are 
lead-mounted in such a way ns to nlnlmlae the possibility of fatlj^e bending 
due to vibrations, and have relatively large lead erossHsectlons to support the 
component masses, ihls Item could be a candidate for procurement liter to 
confirm Its apparent vibration Integrity. 

Hewlett-Packard Spectrum Analyger. Ihe H/P spectrum analysis equipment, 
plctuMd in Figures 3-8 through 3*12, Illustrates typical high-frequency 
analyzer equipment studied. This system analyzes radio frequency Inputs for 
various bandwidth energies and waveform characteristics, and Is potentially 
usable in atmospheric physics, earth observations, life sciences, and space 
technology payloads. 

The system Illustrated consists of a mainframe display unit. Plug-In 
nodules are RF and IF spectrum analyzer modules . These units are combined 
In a single package with built-in forced-air cooling. The automatic pre- 
selector on top of the mainframe unit Is structurally Independent with Its own 
forced-air cooling fan. 

Modifications recommended for this unit are not extensive. Control panel 
knobs were replaced because they are plastic. A different non-shatter able 
faceplate over the CRT display face Is necessary to’ protect the astronaut from 
fragments resulting from Implosion. The panel handles require modification 
or guards since the edge radii are less than 0.5 inch (1.25 cm). The panel 
knobs require shielding from bodily contact. The design guidelines discussed 
In Section 3.3.1 were developed to solve this typical guardrail requirement. 

The front panel signals going through the BNC-type coaxial cable input /output 
connectors are not required to meet the impedance and voltage level require- 
ments of the EMI criteria of the SEEIR because these Inputs cannot be modified 
without affecting performance. 

Figure 3-9 displays CRT Installation typical of electronic Instrumentation. 
Modifications Identified include closing all openings In the CRT shield with 
suitable mesh screening in order to trap glass particles should CRT breakage 
occur. The filter on the fan Inlet would probably be adequate to prevent 
flaming particles from passing through* The outlets are In the form of open 
holes approximately 3/16-inch (0.5 cm) in size, idilch are typically assumed to 
need screens to contain shatterables and/or potential flaming particles. Hl^ 
heat dissipation power transistors are mounted close to the fan outlet, elim- 
inating any cooling shortcoming in zero g. The large electrolytic capacitor 
bank needs support due to: cantilevered mounting 

The module shown In Figure 3-10 lllustretes ruggedness and EMI Shielding 
typical of many well-designed commercial high-frequency Instruments. Wsll- . 
anchored cabling Indicates good vibration integrity although the Wiring bundles 
must be replaced because the wires are Insulated with PVC. Polyvinyl chloride 
Is not a n^c ceptable material from flammability and outgassing standpoints. 

The l;af|S^ number of electrical calibration adjustments neied staking for pro- 
tection' against,- vibration. ' 
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Figure 3-ll» the photograph of the IF unit. Illustrates typical circuit 
board construction. The boards with relatively heavy parts In particular nay 
need added support /danpening to ptevent "buzz'* and "oil-canning. " Confomal 
coating to better anchor the relatively hl^-nounted, thin- leaded ceramic 
capacitors and reduce fire and trace contanlnant hazards is recommended. 

Figure 3-12, ahowina the Interior of the preselector unit, indicates 
relative ruggedness. Modifications Include support for the tabular waveguides 
and the large end-mounted component on the circuit board. Hie large trans- 
former on the large flat plate bottom mounting surface Is questionable. 

However, Its location near the sides of the unit was assumed sufficiently stiff 
to preclude modification. 

HIM Bln . Figure 3-13 Illustrates typical NIH modules and their 19-lnch 
rack-conqiatible bln which contains these modules. The modules shown Include 
signal conditioners set up as a single-channel wave analyzer for nuclear 
Instrumentation inputs. 

HIM conponents have potential use on all Spacelab missions. They offer 
the advantage of Interchangeable modules for easy maintenance, relatively 
rugged design for vibration Integrity (although circuit boards do require 
additional stiffening) , and venting provisions compatible with forced-air 
cooling. 

A major disadvantage of this type of design is the poor volumetric and 
weight efficiency, ^dilch is a penalty for the convenience of a modular design 
approach that allows a wide range of custom functions to be mechanized. 

A typical HIM power supply attached to the rear of the NIM bin Is shown 
In Figure 3-14. The resultant cantilevered weight will require either special 
end support for the bin, or moving the power supply to an Independent rack 
mount location. Depending on the voltage levels of available power In the 
Spacelab, the power supply could be eliminated. NIH modules are compatible 
with 12-volt and 24-volt dc power. Also, off-the-shelf power supplies of 
various types that mount In the bln are available. 

• 

Tennelec NIM . Figure 3-15 shows typical NIH design practices. TFE 
wiring Is often used. Circuit boards tend to be rather large and may need 
stiffeners to prevent excessive deflections (oil-canning). Fiberglass circuit 
boards are also often used for excellent fire resistance. Conformal coating 
Is recommended to support lead-mounted ceramic capacitors. 
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Figure 3-15. Tennelec nTMS * Covers Removed 
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Beck"««" Gas ChromatORraph . gaa chromatograph, shown In Figure 3”16, 

Identlllea gaseous constituents for petroleum industry process control. It Is 
capable of the same scientific accuracies as laboratory instruments, and can 
be used on the space technology missions as well as other missions. 

Of particular Interest is the exploslon-ptoof construction of this unit. 
Integral electronics are contained in the three heavy (white) cans, which are 
mounted to thick steel plates. TFE-insulated wiring is used for low flamma- 
bility. Ihe gas routing switch and pluajbing, heating unit and the sensor 
(right side) are in a ruggedly constructed oven. 

The insert picture shows a unique built-in troubleshooting panel located 
in the process controller electronics. This controller is separately located 
from the sensor unit and can be rack-mounted in the Spacelab. 

The analyser plundilng needs support and the door (not shown) needs posi- 
tive latching for vibration and 9-g loads. Some exposed asbestos fiber insul- 
ation needs replacement or coating. The unit currently consumes 1500 watts 
for the test chamber heater. This heater can be replaced by a component 
dissipating 250 watts for Spacelab application because the volume of air 
currently flowing through the oven can be significantly reduced. 

Beckman pH Meter . Ihe Beckman pH meter, shown in Figure 3-17, measures 
the hydrogen Ion activity in liquids and has potential application to the 
space processing and life science payloads. The unit is basically a hlg^-galn 
amplifier that measures Impedance, with a liquid crystal display unit. 

The following changes are proposed. The plastic case, typical of some 
commercial units, is not an acceptable material. The case should be replaced 
with metal. No cooling provisions other than natural convection are provided 
by this design. However, the total power requirement for the unit is only 
3 watts. Since there are no single hlgh-dlsslpation components and the total 
dissipation is low, modifications for thermal control were considered unneces- 
sary. The glass liquid crystal display unit requires a lexan plastic shield 
to protect the astronauts from glass particles in case of breakage. A rack- 
mounted installation la recommended. The pH sensors (not sham) currently 
consist of open-probed containers and must be redesigned for sero-g operation. 

Sylvania CO 2 Laser Interior . The laser unit, shown in Figure 3-18 with 
the cover removed, consists of glass tubes up to about one yard long whidi 
contain CO 2 with integral water-cooling jackets and adjustable optics to 
obtain lasing actlim and to direct the light energy out. The unit has poten- 
tial applicatldn to the space processing missions where a concentrated energy 
source is needed for heating material samples and other experiments needing a 
monochromatic light source. 

The unit Will require special mounting with integral shock motmt provi- 
sions. Alignment in orbit may be required after exposure to boost vibration. 
Of interest is a coiupletely slllcona-encapsulated high-voltage pcwer module, 
which is acceptable from a materials usage viewpoint. The use of external 
water cooling requires adequate plumbing support, particular at laser connec- 
tions. Also, the availability of a liquid-coolant interface with the Spacelab 
thermal control subsystem must be verified. 
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Research. lnc» Display Tennlpal * The display unit, shown in Figure 3-19 
without enclosure cover and plastic CRT shield, provides entry and display of | 

data associated with computer stprage and has potential use on all Spacelab 
missions* Although an advanced functional design, it is Judged to represent 
an extreme of the modification spectrum for the selected electronic equipment. 

In this view, it can be seen that the large vertical circuit boards and the 
long keyboard circuit board require support to survive the vibration environ- 
ment. Socket-mounted IC*s and some other conqionents may also require cementing. 

Ribbon cabling must be replaced because of flammable insulation. Wire runs j 

need tie-downs. The large transformer is end-mounted on the chassis and likely i 

to generate secondary vibration inputs. Tlie CRT plastic face shield (not 
shown) needs to be better mounted and secured. 



Figure 3-19. Research. Inc. Display Terminal 
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Additional nonsuitable design features are shown In Figure 3«20, and require 
the following additional modifications $ 

* Support large electrolytic capacitors on right circuit board. One 
capacitor is attached to two surfaces not rigidly attadied to each 
other. 

. Support bottom sweep generator circuit board and its components, 
particularly the horizontal oscillator coll. 

. Isolate the powdered iron core flyback transformer from vibtatjon 
to prevent fracturing. 

. Provide EMI shielding for sweep and hlgh^oltage generator cir- 
cuits since these type circuits are especially good EMI generators. 

. Provide support for CRT neck deflection colls and focus cong)onents ; 
cement adjusted positions. 

. Provide CRT enclosure that would contain broken glass. 

. Provide porting for forced-air cooling to heat-slnked translators, 
transformers, and circuit boards. 

. Provide connectors compatible with EMI design control practices. 

. Remove flaking high-voltage corona spray material at the high- 
voltage connection to tube and replace. 

As with most other equipment Items, all screws and adjustments not having a 
vibration-proof feature should be cemented against vibration, 

Coxilter Blood Cell Counter . The unit pictured In Figure 3-21 counts small 
particles, typically blood cell or other biological components. In a liquid 
suspension solution. The function of this unit is applicable to the life sci- 
ence and space technology payloads. A precise volume of liquid which Is sucked 
through a micronfslzed orifice Is measured. A falling mercury manometer column, 
prepositioned with an integral vacuum pump, provides the calibrated volume and 
secondary vacuum to Intake the liquid sample. Electronic Impedance-type sensors 
and associated circuits count and display the count of particles passing through 
the orifice for the measured volume. Optics and CRT displays allow direct vis- 
ual monitoring of particle size and orifice clogging. 

This unit requires a conplete redesign. Its function Is gravity-dependent, 
it contains mercury, has little structural Integrity, and Is full of glass. 

It is the least suitable piece of equipment lor spaceflight that was examined. 
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3. 2. 3.2 Modification Action Summary 

The summarised results of the evaluation of 34 units are presented in 
Table 3-3. The table shows the number of items found to have unsuitable char- 
acteristics requiring modification. It should be emphasized that a conserva- 
tive approach was taken in defining modifications in order to not undervalue 
modification costs nor over-simplify the degree of modification. Most modi- 
fications appear straightforward and have minor Impact on a given package. 
Section 3.3 provides more detail on specific modifications for each item* 

Table 3-3. Modification Actions Summary 


Action 

Humber Required 
(on 34 Units) 

Vibration protection 

30- 

Improved cooling 

9 

Substitute materials' 

27 

Toxics bakeout 

30 

9-g integrity measures 

10 

HMI attenuation 

10 

Shatterables containment 

18 

Edges-protrusions guards /rounding 

32 

Functional redesign (zero-g) 

9 * 

Audible noise reduction 

4 

*3 units require complete new design 



Some vibration protection was needed for almost all units. Testing 
could show a greater or lesser need for redesigns. Final Spacelab definition 
and shockmount studies may also change the severity of the problem. Without 
providing much greater depth of analysis on each unlt» the modifications 
defined cm only be categorized as "representative" for cost study purposes. 
Resonance and cross-axis effects • etc. » could result in some rather sturdy- 
appearing mounts to be insufficient. 

Surprisingly few cooling modifications were identified. Many units had 
self-contained forced-air fans and good air flow paths. These same cooling 
fans generated noise in excess of the allowable 40 dB noise criteria in four 
cases. Airborne units are designed for conductance of heat to the case so 
that they can operate at altitudes up to 55,000 feet without internal air 
circulation. Most rack-mounted equipment items are vented to allow forced- 
air cooling in the rack Installation. It was assumed that rack air could be 
supplied in parallel to each unit where needed. 

Material substitutions were high due to conservative replacement of wiring 
plastic panel knobs and fixtures if not positively identified as acceptable. 

By excluding knob replacement, only 20 items need material replacement. Only 
13 units need other than knob /wiring- related replacements. These include 5 
nixie tubes which contain trace accounts of mercury. Likewise, toxic bakeout 
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was asauned to be necessary £or all units containing organics in order to pre- 
clude heavy iAitlsl outgasslng from components « solvent cleaners, process 
catalyxers, etc. 

EMI provisions were generally satisfactory based on a ferromagnetic case 
and input/output circuit compatibility with assumed Spacelab EMI grounding and 
cabling practices. Modifications were required for 10 units. 

Slightly more than one-half the units contained glass shatterables requir- 
ing added containment or replacement. Most units had exposed sharp edges and 
protrusions. Control panel knobs were considered to be protrusions. Handles 
and guards were generally judged to be Inadequate* Redesigned guard rails were 
assigned to the units, but could be part of the rack design. 

Finally, several biomedical systems use open vials in sanqile handling 
(pH meter, electrophoresis system, blood cell counter, and spectrophotometer) 
or mechanical gravity seating (microscope) and require functional redesign. 

Ihe freezer and dewar depend upon gravity for vapor phase separation processes. 
These units and the Coulter counter were not amenable to modification; i.e., 
a different operating principle must be used, requiring total new developments. 

3.2.4 Suitability Analysis Conclusions 

As might be expected, the most significant modifications appear to be for 
vibration integrity and replacement of unsuitable materials. However, both 
areas require test verification and further in-depth study because: 

1. The final criteria to be met have not been established. Trade 
studies discussed in Section 4.3 indicate a benefit for Spacelab 
to provide a better environment than given by SEEIR. 

2. Both characteristics are difficult to evaluate by inspection. 

Vibration effects are complex; resonances could exist at 
locations which are difficult to predict. Materials could 
not frequently be identified because of Inadequate supplier 
Information, which will be the case for the actual selections 
of equipment items. A better definition of allowable risks 
due to Spacelab safety features should be pursued. 

Rockwell experience Indicates that ATR, MIL or NIM-type equipment items 
have inherent design characteristics needing few modifications. Chemical 
and biomedical equipments tend to be less suitable because most have been 
designed for sensitive laboratory work in a benign environment. Also, test 
samples are coranonly liquid, utilizing gravity during processing. 

3.3 EQUIPMENT DESIGN MODIFICATIONS 

Ihis section summarizes the efforts and results related to specific modi- 
fication designs and processes required to make suitable those equipment items 
found to be unsuitable. As the study progressed, certain unsuitabilities and 
redesign situations became repetitious. A set of standard design guidelines 
evolved emd were used to help assure consistent design changes which, in turn. 
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led to a more conslscene cost analysis. The design guidelines are presented 
In Section 3.3.1. A summary of recommended processes Is presented In Section 
3.3.2. 


3.3.1 Standard Design Guidelines 

The following guidelines were established to enable consistent costing 
for similar equipment unsuitabilities. The application of specific guide- 
lines may not necessarily be the best redesign approach In some cases. 
However, they are adequate to assure proper cost estimates for modified 
hardware. Equipment also required non-typlcal modifications not covered by 
the guidelines. Such unique designs are found In Volume III under the 
modification description section for each Item. 

3. 3. 1.1 ARINC-To-NIM Conversion 

Since all AIR (ARING) cases have a standard 7*625 in. (19.4 cm) maximum 
height, they will fit Inside a NIH (nuclear Instrumentation module) bln of 
the 8-3/4 In. (22.2 cm) type whose front opening height Is 7.785 In. (20 cm). 
The ATR case Is modified by the addition of a front panel and side panels 
which provide top and bottom runners which mate with the guides in the NIM 
bin as shown In Figure 3-22. The connector mounting plate In the rear of the 
NIM bln is removed In the area where the over-long ATR case protrudes. 
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3. 3. 1*2 Cable Clanpa and He*Wrepa 

Cable elenps end tle"Wraps irusc be nylon. Unsupported lengths of cable 
bundles and single wires must be secured. Wires going through holes in metal 
bulkheads must be protected by nylon gronnats. 

3. 3. 1.3 Card Cuides > Printed Circuit Boards 

Card guides which do not provide vibration protection tmist be replaced 
with spring clip guides which provide support as well as high-frequency 
isolation and good thermal conductivity. See Figure 3-23. 
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Figure 3-23. Card Guide, Printed Circuit - Positive Securing 
3 . 3 . 1. 4 Component dips 

Lead-mounted conponents over 4.0 grams shall be supported by rivet -mounted 
metallic clips as shown In Figure 3-24. Where clips may short out conductor 
lines of the printed circuit, a thin glass epo>7 insulator must be placed 
between the clip and the board surface. 
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Figure 3-24. Component dips 
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3. 3. 1.5 Fasteners (Vlbratlon^Proof) 

All structural fasteners must be those with thread-locking features. 

An epoxy fonuulf^ion may be used» such as "Glyptol*" in nonstructural situa- 
tions such as potentiometer locking, etc, Thunbscrews require replacement or 
safety wiring. Cantilevered items needing support will have brackets to avail- 
able solid structure to which component is mounted. 

5.3.1.6 Glass Viewing Covers 

Ifeter faces, CRT shields, etc., must be replaced with transparent Lexan 
when not identified as accept^le. 

3 - 3 . 1 . 7 Materia} 'Hardware Replacement 

Wire harness and other PVC parts will be replaced with Teflon. Cadmium- 
plated chassis mxist be stripped and replated or reformed of new non-cadmium 
material. All panel knobs are to be of custom- fabricated Vespel with steel 
shaft inserts and double shaft set screw fasteners, staked to prevent loosen- 
ing in vibration. Metal knobs are also acceptable. It will be assumed that 
(except in unusual circumstances) no transformers or other electrical compon- 
ents will be replaced for chemical couqtosltion reasons. Where required, and 
dependent upon individual circumstances, components will be coated with a 
suitable material (e.g., epoxy). 

3. 3. 1.8 Non-Rack-Mounted Instniments 

Portable Instruments, such as bench-top microscopes, must be secured in 
assigned stowage spaces when not In use. When used, provision must be made 
to (1) secure the instrument to a bench, and (2) ensure against injury to 
personnel and damage to the instrument. Securing of non-portable, non-rack- 
mounted instruments such as furnaces will be treated on an individual basis. 
Where necessary, the mount must provide for shock/vlb ration Isolation and 
alignment caging. Size the structure per SEEIR safety factors to eliminate 
proof-testing. 

3. 3. 1.9 Mechanical Securing of Rack-Mounted Instruments 

Heavier instruments such as the 20-lnch (50.8 cm) deep Sorenson pewer 
supply, with heavy transformers in the rear of the unit, and units weighing 
over 30 pounds (13,6 kg) will require additional mechanical support. This 
will be accomplished by addition of tapered-pln assemblies attached to the 
rear of the instrument, and modification of the rack assembly to accept the 
tapered pln,s, plus appropriate guide rails, as illustrated in Figure 3-25. 
Catalog off-the-shelf mounts may be used when satisfactory for the 9-g crash 
load and jorst case vibration. Structure sizing is per SEEIR safety factors 
to eii)td.n,i*:e proof-testing. 

3.3.1.10 Printed Circuit Board Securing 

Printed circuit assemblies and terminal boards requiring additional 
support to prevent oil-canning or vibration must use drilled and tapped 
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Figure 3-25. Mechanical Securing 
of Heavy Back-Mounted Instrutoenta 
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standoffs which can ba attached to a convenient bulkhead. In locations where 
a metallic standoff would short out printed circuit conductors, rectangular 
iilockc of glass epoxy may be used as shovn in Figure 3-26, The blocks are to 
be attached with low curlng-tenparature epoxy adhesive. 



(moke from 1/4-in ,/0. 6 cm 
thick gloss epoxy; bond with 
low curing-temperature epoxy 
adhesive to PC board) 


Figure 3-26 . Mechanical Securing - Printed Circuit Boards 
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3.3.1.11 Proerutlon Protection 

• 

1h« provontton of Injury to pononnel duo to oero-geblliilonowlth kncbo» 
■witcihos, ote. • on the front panolo of rack*«outtt«d Inotruuonto will bo oecomp 
liobod by o Bodlflcotlon of ^o rode coblnot conoiotlng of rolls or hondloo 
Qountod horlsontally oerooo tho front of tho eoblnota. Iho rolls, 1.0 In. 

(2.5 cm) la dlonotor, will bo soeurod to the oxpoood vertieol section of the 
cabinets; see Figure 3-27. They will extend for enough out from the front 
panels of the instrument, e.g. 2-1/2 in. (6.3 cm), that in any accidental 
encounter by personnel the rails would be contacted before any knobs, switches 
etc. The rails Will be so located that they will not obscure the view or 
Interfere with any function of the Instruments. Edge protection non-rack- 
mounted ItsM will be by fastening a rolled tubing or extruded plastic along 
the edge by an attachment flange idilch Is drilled, screwed, and staked for 
vibration. 




Figure 3-27. Protrusion Protection 
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3.3.1.12 Venting of Giassle, Covers, or Bulkheads 

Forced convection cooling and ellntlnatlon of pressurization hazards 
dictate venting where required. Where glass components such as CRT's are 
Involved, cover Inside of vents with metallic flne>mesh screen at the most 
convenient enclosure that would contain any fragments. 

3.3.1.13 Modification Certification 

All modified equipment items require acceptance testing. Additional 
criteria to verify safety and performance requirements compatible with Spacelab 
are applied. 

3.3.1.14 Chassis /Signal Return Grounds 

Isolate all circuit boards and other components grounded to chassis 
through mounting screws by using Insulating washer kits. Remove all wired 
grounds to the chassis. Interconnect all Isolated returns to a bus wire, 
going through connector pins as necessary. 

3.3.2 Summary of Reconmended Modifications 

Table 3-4 summarizes the specific modifications accomplished for the 34 
items analyzed. Included in the summary are the dewar, blood cell counter, 
and freezer which were not priced due to functional incompatibilities with 
zero g. Modifications to these Items would be meaningless since they would 
necessitate custom-design efforts. 

3. 3. 2.1 Staking 

Fasteners on most items required positive retention to prevent loosening 
during vibration. Self-tapping or threaded-ln screws and oversized holes /slots 
for holding structural menl>ers can quickly loosen and come apart or alter 
dynamic responses. Such screws were replaced by bolts or Locktlte-type 
fasteners. Also, control panel knobs on some equipment iten^ were push-on 
type or had a single screw for holding to control shafts. Knob set screws 
were staked with epo^. 

Some items have up to 80 potentiometer adjustments. If one or, more 
adjustment shifts slightly during launch, the items' usefulness would likely 
be s'iiverely conq^romlsed. In-flight realignment is not recommended due to 
relative inaccessibility and lack of support equipment. Potentiometer 
adjustments were epoxled into place after calibration. Mechanical adjustments 
were few and appear to be relatively easy to readjust for the items Inspected, 
although exceptions may be possible. 

Wiring tie-downs were tecommended to keep "flapping" wires from breaking 
at terminations. 

The use of push-on thermal dissipation fins on transistors and IC's is 
relatively common. Some were tight-fitting, while others were found relatively 
Insecure and could easily work loose causing a short or a component to over- 
heat. Epoxy adhesive was placed on these fins to prevent them from loosening. 


Table 3-4. Detailed Summary of Item Modifications 
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3. 3.2.2 Circuit Board and Parts Stiffening 

Most circuit boards were judged to be In need of added support to reduce 
deflections. The size of the board* mounting* mass, and mass distribution 
largely determines the dynamic response. Solutions Included firm but resili- 
ent guide/holding rails, braces across the board, and added center post 
mounting standoffs for bolted>down boards. Parts mounted on the boards were 
also often judged In need of support. Typical military-style clips, ties 
and/or conformal coating provided such support. Board encapsulation Is dis- 
cussed further In Section 3.3.3. 

3. 3. 2. 3 Other Supports 

Large parts, such as transformers, mounted on flat-plate chassis, and 
end-mounted parts creating cantilevered masses, required ::ustom braces to 
reduce secondary resonances and damaging torques to base mounts. In a few 
cases, doors or modules were jf ^ged not rell^ly latched to assure retention 
during launch and/or reentry. -ach design modification was customed for the 
situation. Additionally, some equipment items utilize connectors that do not 
have positive engagement. Suitable connectors and/or special brackets were 
Installed In these cases. 

3. 3. 2. 4 Electromagnetic Interference (EMI) 

Chassis and signal ground isolation and Input/output circuit voltage 
and Impedance characteristics are the main areas of concern. Several units 
had single-point connections of slgnal/power ground to chassis (usually at 
the power supply) which can be easily corrected. Others (particularly 
spectrum analyzers) have multiple point grounding at circuit board mountings, 
connectors, etc. These units require separate ground buses throughout the 
unit. This could adversely affect performance of some units and either the 
requirement may need waiving, with suitable noise filters added, or a differ- 
ent design selected. 

A few items required one or more buffer amplifiers added to the output 
to achieve the required S-volc signal levels . These changes could be waived 
with good external cabling practices, assuming that the Spacelab remote 
acquisition units (RAU's) can accommodate wide-range interfaces. Although 
IC amplifiers are envisioned In most cases, power supply voltages, space and 
other factors could make this type modification relatively difficult. 

3. 3. 2. 5 Material Replacement 

Wire harnesses required the most frequent replacement because PVC insul- 
ated wir Is commonly used on commercial units. Modification difficulty varies 
with the unit as some harnesses are accessible by removing all plug-in assemb- 
lies, while others are hardwired and/or require nut and bolt disassembly for 
changeout. Some harnesses are suitable for prefabrication while others require 
point-to-point rewiring. 

All plastic knobs required replacement. Metal or Vespel knobs were 
identified as replacements. 
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Vlei/ing windows, such as meter faces, made of glass were modified. Glass 
faces were replaced or covered with a Lexan-type plastic to contain shatter- 

ables. 

Foam materials used for vibration Isolation, anti-rattle packing between 
modules, and hold-down bars and around case and door lips were replaced with 
non-flamnable foam. Significant foam insulation replacement on the freezer 
chest would also be required, however. Its modification became Impractical 
for functional reasons. 

It was determined that nixie tubes generally contain a trace of mercury 
to prolong cathode life. Four Items examined (other than the blood cell 
counter) contain nixies. Life of tubes without mercu'*y was reported to be 
only about 500 hours, or more than an order of magni' de less than those with 
mercury traces. Alternatives are to decide that the ' ercury traces are insig- 
nificant risk, use the shorter-life tubes, or develop a dlr'*ct replacement 
using light -emit ting diodes (LED's) with integrated circuit (1C) logic drivers 
on a nlxle-slzed plug-ln circuit. The Navy is reportedly working on this 
problem due to concern of nixie tubes being used on submarines. Units were 
modified by installing non-mercury type nixie tubes and replacing them after 
each mission. 

Cadmium-plated chassis were identified in three however, cadmium 

may be more extensively used than the evaluation suggests since some over- 
finishes concealed the base material. Several other units have small cadmium- 
plated parts such as brackets. Absolute prohibition could significantly 
increase modification costs for some equipment unless the modifications can be 
made during original buildup. An effort should be made to determine whether 
cadmium plating can be acceptably modified by a special process. 

Other specialized replacements Included change of asbestos insulation in 
the gas chromatograph and rubber bumpers/feet on certain bench-mounted units. 

3.3. 2. 6 Zero-G Compatibility 

It was found that the blood cell counter, freezer and dewar were func- 
tionally unsuitable for zero-g operation (see Section 3.2.3). Also, there 
were other very extensive modifications for the counter and freezer. There- 
fore, new functional approaches were deemed necessary. 

Several other items require less extensive modifications to operate In a 
zero-g environment. The microscope requires addition of a spring to replace 
gravity seating of the barrel. The biomedical items require redesigned 
liquid sample handling/container methods. Basically, the electronics associ- 
ated with the sample sensors are suitable for zero g. Strip chart recorders, 
such as the CRT recorder and the densitometer in the electrophoresis system, 
need chart paper guides /rollers to constrain output paper from "flapping" 
around and/or getting out of the existing guides. 
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3*3.2«7 Item Mounting and Integrity 

Except for Input probe accessories and latches on some doors, the items 
appear well suited to withstand 9-g acceleration forces. Cathode ray tubes 
kre generally well supported, but Lexan overlays and screening were added to 
eliminate hazards If Implosion should occur. 

It was determined that many catalog rack guide mounts may hat Inadequate 
since they are seldom Intended for the vibration or acceleration anticipated. 
Guide rails with a rear lock-down feature were added for dynamics considera- 
tions and to f."llitate installation and removal on the ground. If the item 
face panel fits a 19-in. (48.2 cm) rack, the rail kit was the recommended mod- 
ification. If a face panel bracket or other feature is also needed (i.e., to 
fit a NIM bln) , then a new mounting design was defined. This distinction is 
made in the "Item Mounting" column of Table 3-4. 

3. 3. 2. 8 Audible Noise 

Noise was considered to be a problem only If continuous during item oper- 
ation. Noisy fans were replaced with quieter units. These replacements may 
have been conservative since the units were evaluated in the open by themselves. 
An alternative to replacing noisy fans would be to supply equivalent cooling 
air, from rack forced- air sources, directly to the fan Inlets. The fans could 
be removed. However, provisions for tight connections and flex ducting, or 
ocher design solutions, would be necessary. 

Since forced air is provided by the rack to each item, few modifications 
for cooling were required. Units with dead air spaces were modified with 
additional portin'; or air deflectors. 

Units using fans expel air from the sides and/or top of the units. Baffles 
and spacing in the rack will be needed Co ensure proper cooling air distribu- 
tion. 


3.3.2.:^ Particle Containment 

The main sources of possible shattered particles were CRT's. A few glass 
tube "auto" fuses in open clips were also identified. Exposed powdered iron 
core transformers and meter faces were other possible fragment sources. Con- 
tainment of shattered and flaming particles (In case of breakage or ignition) 
was accomplished by covering all openings with clear-viewing plastic or mesh 
screen, as appropriate. Optimum screen mesh size Is subject to further defin- 
ition. The allowable size of escaping solid particle, the size versus burning 
time (or travel distance) of flaming droplets, and the stopping mechanism of a 
filter screen, bear upon this optimization. Such an analysis Is beyond the 
scope of this study. 

In general, ported cases use holes of about 3/16 in. (0.48 cm) diameter, 
or slots 1/8 (0.32 cm) to 3/16 in. (0.48 cm) by 1.0 in. (2.5 cm) long, fer 
which screens were assumed to be needed. Internal screens were applied to 
openings in CRT shields, which generally completely enclose the CRT except for 
the socket end and the high-voltage cable entrace. 
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3.3.3 SuBinary of Recommended Procesaes 

Special processes recommended for meeclng SEEIR are as follows : 

1. Cost circuit boards with a conformal coating to encapsulate 
unknown materials and provide additional support to lead- 
mounted components. 

2. Spray painted surfaces, prone to flaking, with clear 
adhe s ive /binder . 

3. Bake out unit to drive off trace contaminants. 

In addition, tests are required in general for: 

1. Verification of modification adequacy. 

2. Tests may also be required to resolve whether a 
marginal design is adequate or requires modification. 

3. 3. 3. 1 Flame Retardant 

Use of a flame-retardant coating Is primarily Intended for electronic 
circuit boards. Certain fiberglass -epoxy boards are non-flammable and, when 
so identified, may not require treatment unless undue concentrations of poten- 
tial flammable plastic parto are loaded on them. In general, except for high- 
voltage CRT circuits, all items that were evaluated operate on low circuit 
voltages (+24 vdc or less) once past the Input power transformer. All elec- 
trical Items were fused. No items contained volatile chemicals. Therefore, 

It appears that the risk of Ignition within almost all off-the-shelf items is 
very low. The presence of high voltages and bundled wiring somewhat increases 
the risk due to the increased chances of heat-generating leakage current paths. 

An encapsulant may also be applicable to transformers. Many commercial 
items utilize open-frame construction with a slightly higher risk of generating 
smoke (if not flames) from small amounts of exposed "fish" paper and insulation 
varnishes. Assuming that heat dissipation is not adversely affected, these 
transformers could be coated in areas of exposed windings /fishpaper. The 
effect and suitability of this process should be among test objectives on rep- 
resentative equipment items purchased to verify modification feasibility and 
ultimate sult^llity for Spacelab use. 

As noted previously, a conservative modification costing stance was 
adopted; therefore, all electronic boards are assumed to be coated with flame- 
retard£mt material, except in totally enclosed units where combustion would be 
limited. However, Inasmuch as most boards also require encapsulation for 
vibration, there is no added cost delta for flame retardant. 
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3 >3. 3. 2 Vibration Encapsulation 

Current judgment Is that most off-the-shelf electronic circuit boards 
cannot withstand the random-plus-slnusoidal vibration specifications placed 
in SEEIR without failure. Some relatively large-mass lead-mounted components 
may pull loose from circuit board solder joints or leads may break. A 
solution to supporting small parts is to coat the clr'^uit boards with an 
encapsulant that lends lateral and longitudinal support to small components. 
Adjustments, however, should not be coated for continued usefulness (separate 
staking of these adjustments may be necessary). 

The encapsulant should be tough, but not brittle. Pliability should 
compensate for differences In thermal coefficients of expansion for the encap- 
sulant and the encompassed parts to prevent component breakage and adverse 
shifting of components with ten^erature . Shiftin'' could affect performance 
In some RF circuits. Oihtitr requirements are good dielectric qualities, inert- 
ness to adjacent materials, outgassing after curing, and non-flammability. 
Consultation with material experts Ivtdlcates that acrylic or epoxy cncapsu- 
lants with good outgassing and flammability characteristics can be provided. 

To summarize, further study is recommended to: 

1. Finalize vibration input specification to equipment 
items . 

2. Develop "cook book" guides, including simple and 
Inexpensive tests, to evaluate Individual equipment 
modlllcation needs. 

3. 3.3. 3 Overspray (Painted Surfaces) 

A clear overspray was assumed to be satisfactory for prevention of flaking 
of painted surfaces. This process avoids the necessity of reapply printed 
matter. In actual practice it appears that there will be little need for this 
process, owing to the relatively short missions and benign atmosphere that 
minimizes degradation of the painted surfaces. Further, it appears to be 
standard practice to use high-quality paints and applications on quality 
equipment items. These appear compatible with a Class 100,000 atmosphere or 
better. Most items Inspected had painted tt:»nt panels only. It is likely 
that if a flaking problem developed on a unit, it would generally be only 
after a number of missions. Pre-mission inspections and post-mission evalu- 
ations would avoid excessive problems on subsequent missions. 

3. 3. 3. 4 Expelling Trace Contaminants 

Equipment containing organics, particularly plastics, may exude rela- 
tively large emissions of solvents, plasticizers, and other chemicals used in 
manufacturing processes. While some continued offgassing will occur as chem- 
icals work to the surface of materials, it decreases significantly with time. 
Another source of offgassing is entrapment of solvents and cleaners that may 
be applied to assemblies or components before, during and after manufacture. 
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A recent study for NASA by Beckman on four commercial equipment items 
indicated that 150 hours of operation reduced outgasaing to a relatively low, 
essentially constant level. Ihls process was adopted as a general require- 
ment for SEEIR. 


3. 3. 3. 5 Testing of Modified Hardware 

It will be necessary to requalify /accept items that have been modified. 
Unless the SEEIR vibration values are reduced, it appears prudent to accomp- 
lish some type of vlbratioik tests to verify ability tr survive launch. 
Functional tests operating in six orientations have been successfully per- 
formed on the Apollo program to verify zero-g operational compatibility. A 
repeat of all normal functional tests will be required to assure no uninten- 
tional damage during the modification process. The cost analysis Included 
necessary estimates for these activities. 

3.4 COST ANALYSIS 


3.4.1 Cost Analysis Approach 


The approach employed to determine the cost of modified and custom-built 
hardware is plctorlally depicted on Figure 3-28. 
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Figure 3“28. Cost Analysis Approach 
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Hwo separate costing activities were accomplished, leading to the selec- 
tion of the cost-effective procurement approach for each item. Analytical 
techni<iues were different for both activities. Modified hardware costs were 
determined by a '’grass roots" analysis which estimated the cost of each activity 
associated with the modification. Costs for custom-built hardware were esti- 
mated based on the traditional cost estimating relationship (CER) approach. 

Analysis of modified hardware costs is dependent on the engineering 
description of the modification required to make each item suitable for 
installation aboard the Spacelab. Based on this information^ engineering, 
manufacturing, test, and other costs were determined* These cost elements 
are summed up according to their location in the work breakdown structure 
defining the total modification costs. Custom costs were determined from 
either adjusted CER’s or vendor quotes. Custom cost estimates were received 
from vendors for 6 of the 34 items* 


3.4. 1.1 Modified Equipment Costs 


Modified hardware costs were determined by estimating the elemental cost 
incurred by the modification activity on each unit* The work breakdown struct- 
ure for the costs of hardware modification is shown on Figure 3-29* Each cost 
category is identified along with the cost elements that make up that category. 
Costs were defined by cost element for engineering and manufacturing* Costs 
for verification testing includes testing, test fixtures, and operations. New 
test facilities were assumed not required. Documentation and project manage- 
n^nt estimates could not be determined at the level of their cost elements* 
These costs were determined at the category level, including the elements 
listed. 
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Figure 3-29. Work Breakdown Structure 
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In order to facilitate the detailed estimated required, engineering 
researched the available data on the selected hardware by reviewing sketches, 
drawings, photographs, and specifications; and visually examined as many units 
as possible* Drawings and narratives were prepared describing the necessary 
modifications needed to each piece of equipment to make it acceptable for use 
in the Spacelab. These data, along with photographs, were forwarded to 
Beckman Instruments for use in developing the manufacturing estimates. 

Verification testing includes only tests to verify that the modifications 
performed on a given unit make the unit suitable for installation in the 
Spacelab* Characteristics analyzed to be suitable do not require verification 
testing. 

Documentation costs include the cost of documentation not included in the 
engineering, manufacturing and testing activities. Documentation costs in these 
categories vary with modification activities. Costs in the documentation cate-“ 
gory cover general documentation requirements which tend to be more constant 
and less dependent upon the amount of modification undertaken* 

Project management costs were considered to vary with the modification 
activity* 

The sum of the costs by category define the cost of the modification 
activity. The total cost of modified hardware equals the retail cost plus 
this modification cost* 

Engineering * Engineering hour estimates were generated by the responsible 
engineer, based upon his knowledge of the modification Involved and the neces- 
sary engineering tasks. The estimates generated for each task were compared 
between items of equipment in order to reflect consistency from one to another. 
\^ere possible, estimates were based on historical data from other programs, 
such as an hours-per-drawing factor extracted from Saturn S-II data. A sample 
of the determination of engineering cost estimates is shown in Figure 3-30. 

The Tennelec Timer (Model TC 545), a supporting amplifier module, and a power 
supply module are used for the example. 

A matrix of engineering tasks was employed to ensure consistency of engin-- 
eering estimates. Seventy-one different tasks were Identified for the 34 
selected items. Baseline hours were defined for each modification task as shown 
in the Hours /Task column. Then, the modification actions for each package were 
determined. The number shown for a given modification- type represents the 
number of times chat different engineering activities are required for the same 
type of modification. If, for example, more than one circuit board in a pack- 
age required a conformal coating but the boards are similar, the number used 
for engineering estimates could be reduced. The total hours for each task 
were determined to indicate areas where tradeoff of relaxed specification 
requirements might be justified as an approach to reducing modification costs. 
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(Modified Equipment) 


The engineering estimates for the Tennelec timer are shown. It is esci*“ 
mated that 60 hours would be consumed analyzing and inspecting the equipment 
to determine the modification required to make the equipment suitable for the 
Spacelab. The circuit boards in the scaler amplifier and the timer modules 
are very similar in mounting and configuration, indicating that engineering 
for both would be about the same. Therefore, only 40 hours were spent to define 
a rugged circuit board installation, and 20 hours were spent to assure that the 
conformal coating would have no adverse effect on the circuit board component. 
Ten hours were spent to define the bakeout procedure used to volatlze contamin- 
ants possibly present in the package. Only 6 hours were spent changing the 
structural fasteners to a locked type that will not shake loose in vibration; 

40 hours were spent defining guards for protrusions on the package; 80 hours 
were spent to define a mounting reinforcement for a cantilevered trimpot on 
the amplifier module which could come loose in vibration. Six knobs were 
replaced because they were made of plastic. Since it is estimated that approx- 
imately two hours are required co define a source for new knobs of the proper 
configuration, a total of 12 engineering hours were estimated for this activity. 
Forty hours are required to provide support for two lead-mounted capacitors in 
the pof/sr r^upply. 

Engineering hours directly related to the modification and process activi- 
ties defined for the Tennelec unit totaled 312 hours. Preparation of the veri- 
fication test procedure required an additional 40 hours, bringing the total 
hours for engineering to 352 hours. The engineering cost was then determined 
by multiplying these hours by an average engineering labor rate. 


Aim Space Division 

Rockwell International 
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Fabrication . Beckman Instruments performed the fabrication and associated 
manufacturing cost estinates for all modifications. The manufacturing engineer- 
ing department utilized standard data, wherever possible, based on historic 
information from Instruments presently being manufactured. Consideration was 
given to the selection of fabrication methods and assembly techniques which 
were most appropriate and least costly for single-unit production to accommodate 
proper work planning and the setup time involved. 

Manufacturing engineering performed a detailed review of each modification 
on an operatlon-by-operatlon basis, including disassembly and reassembly, where 
required. Estimates were generated for any and all fabrication, tooling, test, 
Inspection and material costs involved. Hourly estimates for labor were pre- 
pared, extended by appropriate direct labor rates, burden and administrative 
expense and summed to a total. The same approach was used to develop the 
material coat associated with the modification. A separate work ^heet was 
generated for each piece of equipment selected in the modification program. 

A typical worksheet used to estimate manufacturing costs is shown in 
Table 3-5. Beckman Instruments performed this activity to assure that manu- 
facturing hour estimates conform to experience in the instrumentation industry. 

Table 3-5. Manufacturing Cost Estimate (Modified Equipment) 
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Hours for each type of manufacturing activity are identified for all mod- 
ifications. Manufacturing activities included fabrication, assembly, inspec- 
tion and test activities and also include additional hours for a manufacturing 
engineer and a manufacturing technician support. 
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The Cost columns show the material costs associated with each modification 
activity and the extension of the labor hours Into dollars. The sum of the 
activity costs leads to a total manufacturing cost of $1045.76 for the Tennelec 
modules . 

Individual costs are self-e:q>lanatory except the $350 for the 150-hour 
bakeout. This process Is assumed to be performed by an outside vendor and shows 
as a material cost. Labor hourd Identified support this testing activity. 

Test . The cost of development testing was estimated by engineering in 
conjunction with test laboratory personnel. Conplde ration was given to the 
type of environment to which the equipment would be subjected as well as its 
basic functional requirement. Each piece of equipment was reviewed Individually 
for such testing as shock, mechanical vibration, accoustical vibration, EMI gen- 
eration, and off-gassing. Estimates were generated based upon the complexity 
of the unit and the amount of modification required. 


Documentation . Documentation costs were estimated by factoring off the 
total of fabrication, engineering and test costs and proportioning this cost 
equally among all equipment Items. The documentation effort represents the fixed 
programmatic documentation effort. Its cost does not vary with equipment costs. 
The factor used to develop the documentation estimate was based upon prior 
historic cost data from other In-house programs. An example of the formula as 
used is as follows: 


Total Manufacturing/Engineering /Test $669,000 

Documentation Factor 10 percent 


$669,00 X .10 
$66.900 
31 


- $66,900 

=* $2153 (rounded to $2160) cost to each unit 


Program Management . The program management effort was also estimated by a 
factor developed from prior in-house cost experience. The factor was applied to 
total cost on the theory that management will pay more attention to costly Items 
because (1) their cost reflects the nunber and complexity of the modification 
actions, and (2) a greater financial risk Is Incurred with the higher cost Items. 
Tabulated below is the formula used to cost program management effort: 

Selected Unit - Tennelec Timer 

Total Manuf acturing/Englneerlng/Test/Data Management $12,158 
Program Management Factor 5 percent 

$12,158 X .05 » $607 

The hour estimates generated for engineering and test effort were extended by 
appropriate rates which included labor, burden and administrative expense for 
the 1974 time frame. Any material required, such as test fixtures, was costed 
In tot.'xl by adding procurement and administrative expenses to the basic estimate. 
The total cost of each modified off-the-shelf unit was determined by adding the 
retail cost to the cost of modification. Total modified hardware costs are 
reported in Volume III in the same manner as shown for the Tennelec Timer in 
Table 3-6. 
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Table 3-6. Modified Tennelec Timer Costs 


Maaufacturlng 

$ 1,129 

Engineering 

4,453 

Test 

4,516 

Do'zumentacion 

2,160 

Program Management 

607 

Total Modification 

12,765 

Basic Cost 

1,500 

Total Cost 

$14,265 


3.4. 1.2 Custom-Built Equipment 

Parametric pricing techniques were employed to cost the new development 
hardware. This Involved a comparison of technical characteristics and cost of 
the new hardware to that of existing or previously defined equipment where sim- 
ilar history was available. Cost projections were accomplished by the use of 
ccttt estimating relationships (CER's), knowledge of the technical characteristics 
of both programs, state-of-the-art position of the hardware, and a complexity 
analysis . 

A list containing the hardware Identified as representative equipment was 
compiled and reviewed to determine its similarity to a known piece of equipment 
or system. System In this sense pertains to a group of items or an assembly 
within which the equipment under consideration would be an integral part. A 
matchup was made to Information contained in the data bank with regard to weight, 
technical characteristics and function. In some cases, it was more prudent to 
select multiple-source data in order to establish che more reliable hardware. 

Once the source data were identified, a more in-depth review was made to 
establish a complexity relationship. While this complexity analysis can become 
subjective, the technical information contained In the data bank (If properly 
utilized) aids che engineer in preparation of a more objective result. To assess 
the complexity required in this study, the cognizant engineer was given the oppor- 
tunity to apply his knowledge to an In-depth technical data source. Hiis enabled 
the engineer to realistically ascertain the relative complexity of the hardware 
under consiaeration as compared to the previously built and/or designed equipment. 
The complexity multiplier reflects the relation of the design complexity of the 
selected hardware item to tVie design complexity of the benchmark unit used for 
the CER basis. In some cases the relative weight of the selected and benchmark 
units also reflect complexity, requiring the engineer to normalize his estimate 
on a complexity-per-pound basis. To finalize the CER used in this study, a 
state-of-the-art calculation was applied. The impact of this cost driver in 
regard to development cost is the state-of-the-art "know-how" status at the point 
In time of the new item of equipment versus chat at the time of development of 
the benchmark unit. 

The four numerical ratings as listed in MF003N^ and an additional category 
called "off-the-shelf hardware" were used in making the state-of-the-art 
determination. They reflect the variation in degrees of definition from beyond 
the state of the art to off-the-shelf hardware. The designation graduations of 
20 percent of the 5 cattgories , on a scale from 20 to 100, were applied to fur- 
ther adjust the CER used in the study for each individual equipment item selected. 
The state-of-the-art rationale and its percentage application are reflected in 
Table 3-7. 

^Document, Program Study Cost Estimates, revised 1 March 1973, NASA-MSFC. 
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Table 3-7. State-Of-The-Art Rationale 


Description 

Percent 

OFF THE SHELF. The equipment can be placed on board in an as-ls 
configuration. 

20 

MINOR MODIFICATK^. Equipment requiring packaging modifications 
but no functional design changes are necessary. Unit retains Its 
basic ncnflguratlon. Most electrical hardware falls into this 
category. 

40 

REDESIGN REQUIRED. New configuration is necessary to be suitable 
for space operations, Basic operating principle remains the same; 
Includes straightforward solutions to replacement of gravity- 
dependent functions. (The Beckman spectrophotometer Is a unit 
requiring ruggedlzlng as well as sample containment In zero g.) 

The latter problem can be solved by evacuated sample containers 
and syringe sample injection. 

60 

SLIGHTLY BEYOND STATE OF THE ART* New configuration is necessary 
with improvements in functional capability requiring development* 
Zero-g operation requires new approach. Laboratory prototypes 
may exist. For example, a working prototype of the Coulter blood 
cell counter has been developed by Beckman for NASA. 

80 

SUBSTANTIALLY BEYOND STATE OF THE ART* Designs tneeting require- 
ments have not yet advanced beyond conceptual level. As an 
example, approaches for two-phase fluid containment for a zero-g 
cryogenic dewar have only bee:* hpothesized on paper. Electrophor- 
etic retention of the liquid phase material is one such suggested 
approach. 

100 


Figure 3-31 illustrates the process by which the custom cost of an Item was 
determined. The Tennelec Timer is again used as an example. Design development, 
test and engineering (DDT&E) costs are coupled with the cost to manufacture the 
first unit to arrive at a total first article cost. The elements of the cost 
analysis were determined as follows. 


COMfUXlTY ^ NONKtCUUlNG 



Figure 3—31. Sample Custom Cost Estimate (Tennelec Counter/Timer) 
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1* The Space Station central timing package was selected as the most 
relevant hardware Item for which cost data existed In the data 
bank. The coat per pound for DDTT&E and the first unit of this 
package are 14,641 and 13,306 dollars per pound# 

2* The estimated wei^t of the custom-built item was then deter- 
mined by evaluating how much of the unit could be reconfigured 
into the more compact-type packaging used in the aerospace 
industry. The commercial modular assembly weighs 14 pounds. 
Engineering estimated that the weight could be reduced to 
4 pounds. The existing unit has considerable structural 
weight that can be eliminated. Also, much of the power condi- 
tioning can be eliminated. These modules normally use +12 volts 
or +24 volts dc, which can easily be obtained from the 28 volts 
dc on-board pcwer supply, thereby eliminating the integral power 
conditioning currently required to change 110 volts ac to +12 
volts and +24 volts dc. 

3. Since minor packaging changes are required to make the unit 
consistent with aerospace packaging design practices^ a 2/5 
factor was assigned to the state-of-the-art multiplier. Since the 
CER used was for hardware at a conceptual level, a multiplier 

of 1 would have been used if the development status of the sub- 
ject timer would also be conceptual. If the subject timer were 
in the prototype stage, a 4/5 multiplier would have been used. 

If major modifications were required (such as development of a 
gravity-insensitive function) , a 3/5 multipler would have been 
used. Off-the-shelf hardware would have a multiplier of 1/5* 

4. Complexity is broken down into two types. Nonrecurring complex- 
ity represents the relative functional complexity of the refer- 
ence and selected item* The figure compares functional capabil- 
ities of the source and sample hardware elements. The Tennelec 
unit can only accomplish two of five functions accomplished by 
the reference unit, leading to a complexity multiplier of 0*4. 

The recurring cost complexity factor is also 0.4, reflecting 
the simpler construction and assembly required by this less 
complex package. 

The custom cost then is determined by multiplying the above factors 
together. The accuracy of these estimates is verified by comparing the values 
to those derived on other studies and vendor estimates. Such a comparison 
exists for the Fluke frequency synthesizer. Fluke personnel indicated that 
their Mil-Spec unit cost approximately $500K to develop. The analytical 
approach used in the stud^ estimated the cost for a new frequency synthesizer 
to be $452K, indicating good correlation. 

3.4.2 Modification Cost Summary 

The results of the detailed cost estimates for each of the modified selec- 
ted hardware items is presented in this section. Table 3-8 identifies the 
modification cost of each item by its work breakdown structure category, and 
totals the costs incurred for the selected items In each category* 
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Table 3-8. Modified Equipment Cost 


Selected Equlpaent 

Mfg. 

Eng. 

Test 

Doc. 

Program 

^^mt. 

Total 

Tape Recorder 







Ampex 

6,034 

8,979 

4,416 

2,160 

1,616 

.■>3,205 

Honeywell 

14,620 

15,548 

4,416 

2,160 

1,616 

38,360 

Computer 

20,907 

17,333 

5,888 

2,160 

2,228 

48,516 

Keyboard Display 

4,979 

19,136 

5,888 

2,160 

1,565 

33,728 

Timer 







Datatron 

3,029 

7,452 

4,416 

2,160 

844 

17,901 

Tennelec 

1,129 

4,453 

4,416 

2,160 

607 

12,765 

Spectrophotometer 

17,135 

17,885 

8,832 

2,160 

2,239 

48,251 

EMI-Intens. Meter 

3,367 

11,261 

4,416 

2,160 

1,064 

22,268 

Transmitter 







RHG 

835 

2,392 

2,944 

2,160 

417 

8,748 

Collins 

1,302 

3,128 

2,944 

2,160 

477 

10,011 

Signal Conditioner 

3,611 

6,100 

2,944 

2,160 

741 

15,556 

Spec. Have Analyzer 







Hewle t t-P a ck ar d 

7,891 

17,056 

4,416 

2,160 

1,576 

23 ,099 

Singer 

3,040 

11,684 

4,416 

2,160 

1,065 

22,365 

Fluke 

2,941 

7,250 

4,416 

2,160 

838 

17,605 

Nuclear Data 

5,665 

15,070 

4,416 

2,160 

1,366 

28,677 ! 

Laser Assembly 

4,801 

10,488 

4,964 

2,160 

1,121 

23,534 ; 

Gas Chromatograph 

8,163 

17,811 

5,988 

2,160 

1,661 

35,783 ; 

Ml cr os cope 

1,330 

6,090 

2,208 

2,160 

589 

12 ,377 i 

Strip Chart Recorder 
Volt-Ohm Meter 

6,882 

11,297 

4,416 

2,160 

995 

25,750 

3200 

4,652 

12,935 

2,944 

2,160 

1.056 

23,747 

8125 

! 1,535 

5,778 

2,944 

2,160 

621 

13,038 

Oscilloscope 







Tektronix 

1 9,352 

13,119 

4,416 

2,160 

1,328 

30,375 

Hewle t t-P ackard 

8,640 

7,139 

2.944 

2,160 

965 

21,848 

Elect r op h ore s is 

i 14,280 

49,000 

35,872 

2,160 

5,016 

106,328 

Furnace 

1,216 

11,206 

4,416 

2,160 

950 

19,948 

Power Supply 







Power Design 

1,728 

6,109 

4,416 

2,160 

680 

15,093 

So reason 

1,996 

7,360 

2,944 

2,160 

723 

15,183 

Centrifuge 

1,014 

3,956 

1,472 

2,160 

391 

8,993 

Particle Counter 

2,259 

7,250 

2,944 

2,160 

745 

15,358 

Microtome 

1,751 

3,662 

2,208 

2,160 

476 

10,257 

pH Meter 

2,197 

9,586 

5,888 

2 , 160 

946 

20,777 

Total 

168,281 

347,513 

160,168 

66,960 

36,522 

779,444 


The equipment selected for review Is grouped by category of equipment, so 
that where more than one of a similar item has been analyzed, a rapid compari- 
son can oe made of the difference in modification cost. The higher the cost, 
in a comparison of this nature, the less flightworthy the Item was in its 
original configuration. As an example, the Tennelec timer required approximately 
two-thirds the modification of the Datatron timer because its basic design was 
more vibration-proof than was the Datatron model. Each of the differences, 
accounting for the cost variations, is discussed in depth in Section 2.0_, 

Volume III* 
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Figure 3-32 shows the distribution of costs of modified available hardware* 
Darkened portions of each bar represent the retail cost for each unlt^ while the 
open part of the bar reflects the estimated cost of modification* Estimated 
modified hardware cost can be read from the left-hand ordinate. The cumulative 
quantity of modified hardware costs^ below given cost plateaus^ is shown on the 
right-hand ordinate. For example, 28 of 31 itew can be purchased and modified 
for less than $50,000 


Statistical information is presented in the center of the figure. The 
average retail, modlf Icatlon^ and modified hardware costs apply to the 31 items 
analyzed. The average of modification cost^ divided by retail cost^was deter- 
mined by calculating this ratio for each item and finding the mean of these 
values. This value is different from the ratio of total modification and retail 


costs. It was determined from the ratio of the sums of both costs. Care must 


be used applying these ratios to other groups of hardware. The average of all 
cost ratios tends to emphasize ratios for items with low retail costs. The 
ratio of total costs tends to emphasize the high-cost items. Together, they 
provide an indication of the range of values expected for modification activi- 



CqUIPMENT tOCNTIHCATlON KEr 


UNIT NO. 

1 TAPE RECORDER • AHPEX 

2 TRANSMITTER - RHG 

3 TRANSCEIVER - COLLINS 

4 EMI FIELD INTENSITY HETFR . SINGER 

5 NAVE ANALY2ER - SINGER 

6 FREQUENCY SYNTHESIZER • FLUKE 

, 7 VOLTyOW METER • FLUKE 1812$ 

8 OSCILLOSCOPE • HEHLETT-PACKARD 

9 TIICR/COUNTER - TENHELCC 

10 HULH CHANNEL ANALYZER • NUCLEAR DATA 

11 PCHIR SUPPLY - PQHER DESIGNS 

12 PARTI aE COUNTER • ORTEC 

13 TAPE RECORDER • HONEYHCLL 

14 CONPOrER ' DIGITAL EQUIPHENT 

15 KEYBOWm DISPLAY TERMINAL - RESEARCH INC. 


UNIT NO. 

16 TIHER - DAtATRON 

17 SPECTROPHOTOMETER - BECKMAN 

18 AMPLIFIER - NEFF 

19 SPECTRUM ANALTZER - HEMIETT-PACKAAO 

20 LASER - SYLVANIA 

21 GAS CHROMATOGRAPH • BECKMAN 

22 MICROSCOPE • AWRIEAN OPTICAL 

23 STRIP CHART RECORDER • HONETUELL 

24 V0LT/0»*l NITER • FLUKE #8200 

25 OSCILLOSCOPE - TCKTRONIK 

26 electrophoresis ASSY - BECKMAN 

27 FURNACE - ASTRO 

28 PWER SUPPLY • SORENSON 

29 CENTRIFUGE • CLAY ADAMS 

30 MICROTOME • AMERICAN OPTICAL 

31 pH iCTER ■ BECKMAN 


Figure 3-32. Modification Versus Retail Cost 
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Equipment analyzed was divided into four classes — airborne, Mil-Spec, 

NIM, and commercial. Figure 3-33 Indicates the relative cost to modify 
different types of equipment. All data shown reflect the same trend. Modi- 
fication costs are the least for airborne equipment. They are somewhat higher 
fcr Mil-Spec equipment, still higher for NIM equipment, and highest for commer- 
cial hardware. These data are consistent with the general Impressions developed 
during the suitability analysis. 
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Figure 3-33. Design Specification Impact on Modification Costs 

A curve plot of the data is shown along with modification cost ratios 
previously used. The curves represent the best fit to the data which vary 
over broader bands than indicated by the thin lines. 

Airborne equipment has the lowest modification costs because they tend to 
have rugged construction, are sealed preventing atmosphere interchange, and 
operate at altitudes up to 55,000 feet (16.5 km), requiring inlnlraum reliance 
on convection for cooling. Some Mil-Spec units display similar characteristics 
such as the Fluke Mil- Spec voltmeter built for submarine installation, however, 
others meet military specifications not as Important to Spacelab installation. 
For example, the Hewlett-Packard military oscilloscope is built for field use 
so it is protected from all types of hostile environments. It still has the 
same vibration inadequacies as Its commercial counterpart. NIM units show 
several good characteristics such as approved material usage and a design 
compatible with forced- air ventilation. However, these units have poor vibra- 
tion characteristics. Volumetric efficiency is also very poor with these 
items. 

The curve displays a common characteristic among all design types. As 
the retail cost decreases, the ratios Increase. This effect la a result of 
certain types of modifications or processes being comnon with all units such 
as a trace contaminant bakeout or some ruggedlzing for vibration. Also, cer- 
tain fixed costs such as documentation and engineering to determine the need 
for modification cause the modification cost to diminish more slowly than the 
retail cost. As a result, all ratios are higher at lower retail costs. 
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The major cost driver to equipment modification was the lack of a gravita- 
tional field in space. The three units which could not be modified depended 
on gravity to function. TWo of these units, the refrigerator end dewar, require 
completely new design approaches to operate In zero gravity. The third unit had 
additional inadequacies for operation in the Spacelab* The Coulter counter uses 
gravity as the motivating force for sample flow. A falling mercury column' 
reduces the pressure behind an orifice causing the sample to flew through the 
orifice It also had little structural strength and used glass throughout. 

The refrigerator and the dewar employ gravity to separate gas and liquid fluid 
phases. Such separation maintains liquid in the evaporator and allows only gas 
to enter the compressor of the refrigerator. The same separation keeps liquid 
in the dewar and allows only gas to escape the vent located at the top of the 
dewar. Totally new developments are required in all three cases. 

Modifications were identified for the units having gravity-dependent 
functions (see Figure 3-34). Modifications vary from development of a new 
batch-type electrophoresis cell to adding a few retaining screws to the turrets 
of a microscope. Ihe retail and modification costs as well as the ratio of 
modification and retail costs are shown on the figure to indicate the range 
of values determined during the study. 


.StLECTED analyzed UNITS 

COST (itm 

/ MOOlf 1CAT10N ^ 
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aetail 

modification 

SPECTAOPHOTOMETEk 

2.7 

47.0 

I7.S 

CLKTAOmOkCSlS 

6,i 

m.o 

16.7 

fh mhea 

0.6 

20,0 

33.4 

MtClOSCOfC 

1.6 

12.4 

7.9 

CiNTItniGI 

0.3 

1.3 

25*3 


• SUMMARY OF AU EQUIPMENT 


/MODinCATiON COSt\ 

\ KETAILCOST J AV 

GHAVtTY DEPENDENT 

QAAVITY INOEFENOENT 

30 

5.4 

/total mooimcation cost\ 

20*1 

3.1 

\ TOTAL kETAIL COST / 


Figure 3-34. Gravity Dependence Impact on Modification Costs 

When the tabular data are expanded to include all the units analyzed, the 
cost Impact is quite clear. Either ratio shows a 20-to-l cost multiple for 
gravity-dependent units, indicating good correlation over all retail price 
ranges. When this value is compared to the same ratio for units which operate 
independent of gravity, it is clear that equipment dependent upon gravity incur 
significantly higher modification costs than those that are Independent. 

The Impact of the basic operating principle on modification costs was 
assessed. Figure 3-35 shows that chet.'''al analysis hardware is the most costly 
to modify. It also indicates that mechanical and electrical hardware is the 
least costly. , 

Different conclusions can be drawn from the ratio data, depending upon 
which ratio is used for the electrical, mechanical and optical equipment. 
Therefore, conclusions are deferred to more in-depth study. The conclusion is 
clear, however, for the chemical analysis hardware. It is the most costly 
to modify. 
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/MODIFICATION C0ST\ 

i' ftCrAILUSt 1 


7.0 

L4 

9.0 

no 

/total MODIFICATION C0ST\ 
\ TOTAL Rma coir / 

1*0 


5.8 

IL5 


• CUSTOM'BUIIT HARDWARE, EITHER CHEMICAL ANALYSIS INSTRtJ MENTATION OR SUPPORT 
EQUIPMENT 


CHEMICAL ANALYSIS HARDWARE 

COST ItlQOOl 1 

/mooification\ 

V RETAIL / 

RETAIL 

MODIFICATION 

SPECTROPHOTOMETER 

2.7 

47.0 

• ^ 

IT.O 

GAS CHROMATOGRAPH 

8.0 

35.0 

4.4 

ELECTROPHORESIS APPARATUS 

6.8 

105.0 

15.5 

pH METER 

0.6 

20.0 

34.8 


Figure 3-35. Operating Principle Impact on Modiflcatlcrn Costs 

The high cost of modification Is, for the most part, due to reliance upon 
gravity for many functions and construction suited only to the benign environ- 
ment of the laboratory. The gas chromatograph, an exception, demonstrates that 
chemical analysis hardware, operating independent of gravity apd of more rugged 
construction, can have a low modification cost ratio more typical of electrical 
hardware. 

The dewar, refrigerator^ and Coulter counter amplify the high-cost conclu- 
sion regarding chemical analysis hardware. The Coulter counter Is a chemical 
analysis Instrument. The dewar and refrigerator, In general, support chemical 
or biological analysis activities. None of these three coiild be used in a 
modified form. 

3 . 4. 3 Cost of Custom Equipment Summary 

The custom^ or new development hardware cos t^ has been summarized in 
Table 3-9. An explanation of the columnar headings Is given below. 

Weight . The projected weight of the equipment with the modifica- 
tions taken Into account. 

CER . The cost estimation relationship, reflected in dollars per 
pound after consideration was given to weight scaling, complexity 
and state-of-the-art of the base CER. 

Complexity Factor . The complexity of engineering, fabrication and 
test of the Item as related to the benchmark equipment from which 
the CER was derived. 

State-Of-The-Art . The numerical designation, as discussed in 
Section 3.4.1, reflects the relative state-of-the-art of the new 
item when compared to the benchmark hardware. The number desig- 
nation is converted to a percentage for formula use. 

Source Data . The source of the applicable CER for each unit is 
presented in this column. 
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Table New Hardware Development Cost 



lEiaiT 

CER 

COST 1 


STATE OF 
THE ART 


SELECTED EQUIPMENT 

U 

(KG) 

$/LB 

ElWtIlIl 

COWLEXITY 

SOURCE DATA 

TAPE RECORDER - AMPEX 

80 

(36.3) 


0.200 

0.7 

1 

AMPEX QUOTE 

> HONEn^LL 

80 

(36.3) 


0.200 

0.7 

1 

AMPEX QUOTE 

COMPUTER 

119 


54.0: 

1,782 

0.212 

1.0 


SHUTTLE ORBITCR 

KEYBOARD DISPLAY TERMINAL 

30 


13,6; 

16.767 

0.503 

1.0 


ORBITER AVIONICS 

BLOOD CELL COUNTER 

15 


6.8; 


0.417 



BECKMAN - BCC 

TIMER - DATATRON 

9 


4.1 

19.222 

0.173 


2 

ORBITER - TIMING UNIT 

- TENNELEC 

4 


1.8) 


0.031 


2 


SPECTROPHOTOMETER 

30 


13.6 

16.867 

0.506 

1.0 

3 

UV GRATING SPECTROMETER 

EMI FIELD INTENSITY METER 

25 


11.3 

7.480 

0.187 

1.0 

2 

LUNAR ORB STUDY. RADIO NOISE 

TRANSMITTER > RKG 

20 


9.1 

12^900 

0.258 

1.0 

2 

SHUTTLE ORBITER - COHRMICA. 

TRANSCEIVER - COLLINS 

17 


7.7 

12.900 

0.219 

1.0 

2 

SHUHLE ORBITER - CONHUNICA. 

AMPLIFIER ^ NEFF 

16 


7,3 

3.188 

0.051 

0.7 

2 

SHUHLE ORBITER - AVIONICS 

SPECTRIM ANALYZER - HEHLETT-PACKARI 

40 


;i8.2 

12*900 

0.516 

1.0 

2 

SHUTTLE ORBITER - COIMUNICA. 

- SINGER 

35 


[15.91 

12,914 

0.452 

1.0 

2 

SHUTTLE ORBITER - COHRJNICA. 

FREQUENCY SYNTHESIZER - FLUKE 

35 


15.91 

12.914 

0.452 

1.0 

2 

SHUHLE ORBITER - CONHUNICA. 

MULTICHANNEL ANALYZER - NUCLEAR 

45 


€301 

12,911 

0.581 

1.0 

2 

SHUTTLE 0R3ITER - COMMIICA. 

LASER 

30 


13.6) 

5.700 

0.171 

1.0 

2 

LASER ALT. - LUNAR ORB STUDY 

GAS CHROHATQGRAni 

30 


,13.6) 

13,333 

0.400 

1.0 

2 

CSH - ECS 

MICiOSCOPE 

20 


9.1) 

1,800 

0.036 

1.0 

2 

SPACE STA EXP 5.13-SE 

STRIP CHART RECORDER 

25 


11.3) 

14.520 

0.363 

1.0 

2 

CSH - DISPLAY & OMTROLS 

VOLT/OHH METER ^ 8200 
• 8125A 

10 

10 

(4.5f 

(4.5) 

4.000 

4.000 

0.040 

0.040 

1.0 

1.0 

2 

2 

SPAtX STA EXP 5.22-SE 

OSCILLOSCOPE - TEKTRONIX 

20 

( 9.1) 

16.300 

0.326 


2 

SHUHLE ORBITER - COftlUNlCA.. 

- HEWLETT-PACKARD 

10 

( 4.5) 

14.900 

0.149 

1.0 

2 

SHUTTLE ORBITER - CQHMIKIGA 

ELECTROPHORESIS APPARATUS 

30 

1 

13.6) 

6.200 

0.186 

1.5 

4 

SPACE STATION EXP 5.13 

FURNACE 

100 

( 

45.4) 

4.530 

0.453 


3 

SPACE STATION EXP 5.16 

DEWAR 

5 

( 2.3) 

262.000 

1.310 

1.0 

5 

BEECH CRYOGENIC TANKAGE 

POWER SUPPLY - SORBISON 

50 


l22.6) 

520 

0.026 

0.2 

2 

SHUTTLE ORBITER EPS 

- POWER DESIGNS 

10 


4.5) 

2.400 

0.024 

0.3 

2 

SHUHLE ORBITER EPS 

CENTRIFUGE 

25 


[11.3) 

960 

0.024 


3 

SPACE STATION EXP 5.13C 

REFRIGERATOR/FREEZER 

SO 


I22.7) 

2.540 

0.127 

1.0 

4^ 

SPACE STA EXP 5.13/5.16 

PARTICLE COUNTER 

6 


(2.7) 

34.833 

0.209 

0.4 

2 ■! 

LOW-ENERGY PARTiaES 

MICROTOME 

50 


(22.7) 

620 

0.031 

0.2 

2 

SPACE STATION EXP 5.13 

pH ICTER 

1,5 


■ 

56,667 

0.085 

1.0 

3 

BECKMAN CSH - pH ANALYZER 


I 
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3, A, 4 Coaparlaon of Modified Hardware Cost to Custom-Built Hardware Cost 

This section suvnarlzes and compares the cost of hardware being modified 
or custom built. It provides a visual overview at the total cost level and 
rapidly Identifies the wide range of differences between the two concepts. 

The costs In Table 3-10 are reflected in millions of dollars and the 
columnar headings are explained below. 

Modification Cost . Total cost of Item after modification, 

Including basic or retail cost. 

Development Cost . The cost of developing or custom building 

hardware for its specific purpose. 

Delta . The net difference in cost between developing a new 

piece of hardware or modifying an off-the-shelf Item. 

Comparison of the custom costs generated to vendor Information on develop- 
ment costs of like equipment shows good correlation. Vendor development 
information Is shown below. 

Fltike Spectrum Wave Analyzer 

Present retail cost 
Original development cost 
Ratio 

Ampex Tape Recorder 

Present retail cost $ 175,000 

Development cost $5,500,000 

Ratio 31:1 

Retail and development cost are based on data for Sky lab tape recorder. 

As a comparison to the above, the study reflects the following: 


$225,000 
6,300 
36:1 

It Is concluded that the costing approach used Is reasonable, and that 
the magnitude of the costs Is representative of the costs of custom-built 
hardware. The slightly higher ratio of the study hardware results from the 
Inclusion of some lowr- cost Items which tend to have high retall-to-custom 
ratios. 


Average Custom Unit Cost 

Total development cost 
Average retail cost 
Ratio 


$ 17,200 
$500,000 
29:1 
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Table 3-10. Comparison of Modification Cost to Custom-Built Cost 



COST IN MIUION t A 

SELECTED EQUIPMENT 

NOOIFIEO 

EQUIPMENT 

CUSTOM 

EQUipreiT 

DELTA 

TAPE RECORDER 
AMPEX 

0.058 

0.200 

0.142 

HONEYWELL 

o.oso 

D.200 

0.150 

COMPUTER 

0.062 

0.212 

0.150 

KEYOOARD DISPUY TERMINAL 

0.035 

0.503 

0.468 

BLOOD CELL COUNTER 


0.417 

0.417 

TIMER 

DATATRON 

0,021 

0.173 

0.152 

TENNELEC 

0.014 

0.031 

0.017 

SPECTROPHOrONETER 

0.050 ‘ 

0.506 

0.456 

EMI FIELD INTENSITY METER 

0.038 

0.187 

0.149 

TRANSMITTER » RH6 

0.018 

0.258 

0.240 

TRANSCEIVER • COLLINS 

0.015 

0.219 

0.204 

AMPLIFIER - NEFF 

0.028 

0.051 

0.028 

MULTICHANNEL ANALYZER • NUCLEAR 

0.043 

0.581 

0.538 

SPECTRUM ANALYZER - HEULETT>PACKARD 

0.048 

0.516 

0.468 

WAVE ANALYZER > SINGER 

0.030 

0.452 

0.422 

FREQUENCY SYNTHESIZER - FLUKE 

0.037 

0.452 

0.415 

LASER ASSEMBLY 

0.035 

0.171 

0.136 

GAS CHROMATOGRAPH 

0.045 

0.400 

0.355 

MICROSCOPE 

0.014 

0.036 

0.022 

STRIP CHART RECORDER 

0.033 

0.363 

0.330 

VOLT/OHM METER 
8200 

0.025 

0.040 

0.015 

8125A 

0.015 

0.040 

0.025 

OSCILLOSCOPE 

TEKTRONIX 

0.035 

0.326 

0.295 

HEWLEH-PACKARD 

0.025 

0.149 

0.124 

ELECTROPHORESIS APPARATUS 

0.114 

0.18!' 

0.072 

FURNACE 

0.026 

0.45* 

0.427 

DEWAR 

mm 

1.31Q 

1.310 

POWER SUPPLY 
SORENSEN 

0.020 

0.026 

0.006 

POWER DESIGNS 

0.015 

0.024 

0.009 

CENTRIFUGE 

0.009 

0.024 

0.015 

REFRIGERATOR/FREEZER 

.. 

0.127 

0.127 

PARTICLE COUNTER 

0.019 

0.209 

0.190 

MICROTOME 

0,012 

0.031 

0.019 

pH meter 

0.021 

0.085 

0.0S4 < 

TOTAL 

1.005 

1 8.958 

7.953 
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The bar chart shown in Figure 3-36 illustrates the distribution of custom- 
built and modified hardware costs. Refer to Figure 3~31 for the equipment 
identification key. The darkened portion of each bar represents the cost of 
modifying available hardware. Cost magnitudes can be read from the left-hand 
ordinate, while the cumulative quantity of items costing less than a given 
cost plateau can be determined from the right-hand ordinates. For example, 

22 of 34 items cost less than $300,000 to develop. 


CUMUUTfVC 



Figure 3-36. Modified Versus Custom Cost 

Large savings are evident for many of the selected items. Savings could 
be achieved for all but 3 of the 34 selected items. Custom costs averaged: 
approximately $225,000 of which $195,000 could be saved on the average if 
available equipment were modified rather than custom building the same hard- 
ware. These average savings may be understated since new hardware was not 
built for three units — two tape recorders and one computer. An asterisk 
appears above each uiilt. The tape recorder used on the Sky lab could be made 
available, built to NASA specif Icatlons^ for $175K (according to an Ampex quote) 
Therefore, rather than building a new recorder, the price of this unit was 
used. The computer price is based on a preliminary quote for a unit planned 
for use in space. 

Tlie three units which could not be cost effectively modified ^are the 
Coulter blood cell counter, the REVCO refrigerator freezer, and the Cryogenic 
Associates dewar (nuniiers 32 through 34) . 

Figure 3-37 shows the results of an analysis of the cost effectiveness of 
modified electronic instrumentation. As a group, it presents the greatest 
opportunity for savings to the Spacelab program. 

Data from several of the units analyzed are shown on this chart. All the 
units show significant savings. These savings could be expected since their 
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operation la Independent of gravity* they are built for rack-amounting and* In 
general* for forced-air cooling* Edifications were limited to minor repackag- 
ing without requiring any significant developments. The suimaary modification 
ratio data Indicate good correlation with either ratio. 


SELECTED ANALYZED UNITS 

COST mOBM 

(SitSSS!i\ 

VMODIFIED/ 

RETAIL 

MODIFIED 


EMI FIELD IA7INSI1V METEtl 

as 

mo 


4.9 

SPCCimJM VKUVE ANALYZER 

12.9 

410 

smo 

10L8 

STRIP CHART RECORDER 

A.0 

210 

369.0 

ao 

OSCILLOSCOPE 

42 

mo 

3210 

lao 

PARTICLE COUNTER 

10 

mo 

209.0 

ao 


SUMMURV OF AU EQUIPMEKT 


/CUSTOM MHLT \ 

\ MtokPIEb — 

ElfCTOONIC INSTRUMENTATION 

OTHER 

lU 

9.7 

t TOTAL CUSTOM COST \ 

WALMMiriCbMST// 

116 

6.0 


Figure 3-37. Electronic Instrumentation Most Cost Effective to Modify 


3.5 SELECTED EQUIPMENT ANALYSIS CONCLUSIONS 

The analysis of the 34 selected equipment Items generated the following 
conclusions. Modifications required to make the equipment suitable for opera- 
tion In space were not extensive. Vibration integrtty and use of allowable 
materials were a conmon modification cause* The simple modifications recom- 
mended to make these equipment Items suitable for operation In the Spacelab 
Increased the cost of the equipment from 4 to 8 times. Iliese costs are con- 
siderably less than the same equipment custom tullt. Custom building this 
already developed hardware cost an average of 36 times more than the retail 
hardware. 
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4.0 SPECIFICATION ANALYSIS 


4.1 INTRODUCTION 

NASA equipment specifications are being developed consistent with the 
practice on previous manned spacecraft programs such as Apollo and Skylab. 

These specifications tend to be rigorous and preclude the use of consnercially 
available equipment. This section presents an analysis of the impact of a 
typical NASA-developed specification on the selected equipment, and examines 
several alternative requirements which might reduce the cost impact of these 
specifications. 

Section 4.2 presents the coiq>arlson of the NASA-developed ground equip- 
ment specification, ECOO6M0OO0OA - *'Part I - Performance, Design and Verifica- 
tion Requirements for Experiment and General Laboratory Equipment to be 
Selected for Project Sortie Lab,** with the Interface document developed during 
this study, (miese specifications are presented in Appendixes D and E of this 
volume.) Considerable equipment modification is required by the NASA specifi- 
cation in addition to those required by the SEEIR. Additional engineering 
activities are also generated by this more rigorous specification. Delta costs 
for these additional modifications to the selected modified hardware items are 
presented to quantify the impact of the NASA specification in dollars. 

Section 4.3 presents the results of tradeoffs of alternative approaches 
to reducing equipment costs. Three tradeoffs of alternative requirements for 
the equipment specification are discussed. An analysis was performed to 
determine if Improved vibration isolation of the equipment would reduce the 
available hardware modifications necessary to survive the boost vibration 
environment. Reduction of material control constraints is the issue evaluated 
in the second tradeoff. Alternatives to degradation-type requirements such 
as fungus and corrosion are addressed in a third tradeoff. A fourth trade- 
off, unrelated to equipment specifications, was also accomplished. This 
analysis addresses the possibility of reducing the power demand of available 
equipment by redesigning the power supplies internal to the unit and, Instead, 
using Spacelab-conditloned power directly In each unit. 

4.2 NASA SPECIFICATION VERSUS INTERFACE SPECIFICATION 

The cost delta of imposing the preliminary NASA Specification EC006M00000A 
over the minimum recjulrement approa^ of SEEIR was determined. The result indi- 
cates EC006M and/or the SEEIR changes that might lead to better overall cost 
effectiveness in equipment modification. The two .specifications are broadly 
compared in Table 4-1 in order to provide insight into the origin and philosophy 
used in the development of these documents. In all cases, the EC006M specifica- 
tion requirements are equal to or in excess of the SEEIR. The SEEIR is intended 
as a minimum requirement baseline and has not been approved for use outside of 
this study. 
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Table 4-1. NASA and Study Specification Origins 


GCNERATim 

BY: 

FOB: 

WHEN: 

SPACHAI/EXPERIMCNT 
EQUIPUniT INTERFACE 
REQUIREMENTS 

ECOOEMOOnUA 

GENERAL EQUIPMENT SPEC. 
FOR CXPERIIV^T EQUIPMENT 

ROCKWai 
THIS STUDY 

4*74 

NASA 

MAIMED SORTIE MISSIONS 
n-72 IPRELIMINARY) 

PHILOSOPHY 

•MAXIMIZE EXPERIMENTOR 

•ASSURE EXPERIMENTER 


RESPONSIBILITY 

SUCCESS 


•MAXIMIZE COMAIERCIAL 

•COMPATIBLE WITH SPACEIAB 


EQUIPMENT POTENTIAL 

SUBSYSTEM REQUIREMENTS 


• OPERATIONAL SPACEtAB 

•SURVIVE VACUUM, WORST CASE 


ENVIRONMENT, NOMINAL 

TRANSPORTATION AND GROUND 


GROUND ENVIRONMENT 

ENVIRONMENT 


Figure 4**1 illustrates the logic process In determining the differences 
between the EC specification and the SEEIR. Initially the EC specification was 
evaluated to separate those requirements which were written as firm (uses the 
verb "shall")* and those that were not firm but advisory In nature ("shall 
consider", "should"). The objective of this activity is to reduce the prob- 
ability of over-enforcing the NASA specification. For exar^le, paragraph 
3.2.6. 2 of the EC specification states that "The equipment shall contain no 
ordnance devices," which Is Interpreted to mean that any Item with ordnance 
devices (squib valves, etc.) would have to be replaced with alternate parts or 
designs. Another example is in paragraph 3. 2. 4. 3 which states, "Accessibility 



Figure 4-1. Specification Comparison - i^proach 
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and ease of operation of latches, lockdowns, fasteners, etc., shall be 
considered for ease of mctlntenance." This is interpreted as an advisory 
requirement because implementation of the requirement is judgmental and 
generally is only accomplished if there is little or no cost Impact. 

Advisory, or insignificant cost Impact requirements were proim>tly 
dropped from further consideration. The remaining significant cost Impact 
requirements have a number of TBD values or reported data made obsolete by 
recent ESRO documents. These requirements were made consistent with the 
requirements defined in the Spacelab RFP so that the reported cost delta did 
not reflect specification differences resulting only from the date of issue 
of the Specification. 


Next, the actual comparison of specification requirements was performed. 
Those NASA requirements causing additional modifications or engineering 
activities were identified. The costs of these modifications were then 
determined indicating a delta cost to the previously defined modification 
costs. 

4.2.1 Areas of Disagreement 

The significant delta cost Impact areas of the EC specification require- 
ments over the SEEIR are summarized in Table 4-2. Several other requirements 
potentially qualify for the table, but applicability to off-the-shelf experi- 
ment equipment is negligible and would not constitute significant cost deltas. 
The type of delta activity Incurred by an EC specification requirement is 
indicated by an "X" in the appropriate column. The impacts identified are 
generated for all equipment. Specific items may have different impacts. 

As the table shows, all the listed requirements require delta design 
evaluation efforts to define requirements, provide technical coordination, 
manage program implementation efforts and other aspects of project and sys- 
tems engineering. These activities lead to additional customer review 
coordination, documentation, design reviews, and approvals In one form or 
another, to verify that requirements have been met. 

4. 2. 1.1 Requirements Increasing Engineering Costs 

Reliability, maintainability and material control activities usually have 
special program plans to identify specific requirements for specific items. 

The magnitude of the latter efforts are subject to the customer's wishes and, 
therefore, vary from program to program. An estimated middle-of-the-road 
stance was adopted, assuming that demonstration of compliance via documentation 
and/or testing was needed on a fairly austere basis. 

Experimenters, interested in obtaining useful results, will generally 
demand satisfactory equipment operation. Therefore, imposed assurance-type 
efforts will result in insignificant delta redesign. The EC specification, 
however, implies program efforts to verify or demonstrate .adequacy. There- 
fore, increased system engineering costs will be Incurred by the NASA 
specification. 
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EC006M 

PARAGRAPH 

RELIABILITY 

3,2.3 

MAINTAINABILITY 

3.2,4 

MATERIALS 

APPROVALS 

3.2.6.3 

NON-OPERATING 

TEMPERATURE 

3.2.7.1 

NON-OPERATING 

PRESSURE 

mi 

'^ST CONNECTORS i 

3.3.5. 1.2 

MOISTURE SEAUNG 

3*3*5«1 .3 

SAFETY INTERLOCKS 

3.3. 5.1.4 

LOOSE ACCESSORIES 

3*3*6. 1*3 

PVC 

j.3.6.2.1 

FUNGUS 

3.3.8 

CORROSION 

3.3.9 

REPLACEABILITY/ 

INTERCHANGEA- 

BILITY 

3.3.12.1 

HUNAN PERFORMANCE 

3.3.15 


Table 4 - 2 . Delta EC006M Requirements Over SEEIR 


I ACTIVITY INCURRING OELTA^COSIL 

ESSENCE OF REQUIREMENT 


DEFINE AND CONFORM TO A RELIA- 
BILITY OBJECTIVE 


PROVIDE EASE OF NAINTCNANCE 


NASA APPROVAL ON ALL MATERIALS 
APPLICATIONS 


NO DAMAGE OVER ->!0 F TO +167F 
(-40 C TO 75 C) RANGE 

0 DAMAGE IN VACUUM FOR UNDEFINED 

irc 


EXTERNAL TEST POINT ACCESS 


SEAL AU CONNEaORS AND WIRING 
JUNCTIONS 


DEMONSTRATE ADEQUACY 


INCORPORATE LOOSE ITEMS INTO BASIC 
ITEM WHEREVER POSSIBLE 


PROHIBITED--NO EXCEPTIONS 


NO iKTHEAlED NUTRIENT 


NO METAL COUPLES PER CHART 
(MIL-SPEC) 


DEMONSTRATE ASSURANCE CONTROLS 
FOR INTERCHANGEABILITY 

MEET 10M33222 REQUIREMENTS 
1/4-TURN FASTENERS, FRICTION 
HINGES. PANEL INSTRUCTIONS 


^INCLUDES DEMONSTRATION TESTS, PARTS QUALIFICATION, DELTA ACCEPTANCE AND QUALIFICATION TESTS FOR AN UNMODIFIED ITEM 
^INCLUDES ALL EFFORTS ASSOCIATED WITH THE MODIFICATION DELTA EXCEPT INITIAL EVALUATION FOR MODIFICATION REQUIREMENTS. 
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4. 2* 1,2 Requlremencs Causing Additional Equipment Modification 

Nonoperating Temperature . The EC document specifies a ~40 F (-40 C) to 
+167 F (75 C) nonoperating range. It Is assumed that this could include worst 
case transportation conditions such as air cargo transport and dock area stor- 
age. The SEEIR Specif l^is a nonoperating temperature of -1-40 F (4.5 C) to 
-1-130 F (54.5 C). The SEEIR Implication is that the experimenter will be 
responsible to protect and/or ship by a nondamaging memis and Chat Spacelab 
environment is compatible with commercial uses. Most equipment items examined 
specify or Imply a nonoperating teiq>erature range capability. Some provide 
acceptance tests or bum-ln over a specified range. In general, the upper 
EC006M specified limit is not significantly higher than most equipment capa- 
bilities. Many appear to be Impacted by the -40 F (-40 C) lower limit. It is 
estimated chat 5 percent of an item's constituent parts are not capable of sur- 
viving the EC006M conditions. Additional thermal test chamber equipment and 
time will also be required in order to qualify find accept the redesigned item. 


Nonoperating Vacuum . The EC specification requires a 0 to 15 psia range 
capability. The SEEIR requires 14.7 + 0.25 psia. The slight delta overpressure 
by EC006M is negligible. The vacuum requirement could seriously impact parts; 
sealed components may explode. In addition, volatile lubricants may boll away 
during vacuum, making a unit inoperative. Significant additional test time Is 
required to verify that the units can survive the vacuum environment. 

For this study, 5 percent of the electronic parts of an item were assumed 
to be Impacted by the vacuum environment. In addition, motors and other Items 
requiring lubrication were Identified so that replacement of lubricant with an 
acceptable type could be costed. 

Test Connectors . The EC specification requires test equipment to mate 
with the item via test connectors. The worst case requirement would be for 
troubleshooting to logical replaceable assemblies. Tlie SEEIR assximes that the 
usual method of troubleshooting or verifying performance is acceptable and 
does not specify a requirement. 


In order to Implement the requirement, it is assumed that one or more 
test connectors, a test harness, a test signal Isolation circuit board and 
patch wiring on PCS modules through their connectors are required. Test 
connectors are 25 or 50-pin shell type as needed. More than one may be 
required. Hie number of test signals was estimated for each unit, ranging 
from 2 to 5 per replaceable assenbly, depending upon item complexity and 
modularity. Spare PCB connector pins were assumed to be available for patch- 
wiring some signals from the boards. 

To prevent loading, accidental short-circuit Or other damage to sensitive 
signal sources, circuit isolation components must be installed. These may be 
installed on the PC boards. However, for costing it was assumed they would 
all go on a central special PCB to be fabricated. It was estimated that 
23 percent of the signals would require isolation and that of these an average 
of 1 to 2 discrete electronic components would be required per signal. 
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It should be noted that It was aesumed that the test requirement does 
not apply to replaceable assenblies that are tested out of the Item. Ihe 
EC specification does not make this clear, however. 

Installation of test connectors largely meets the EC specification 
maintainability requirement. However, some Items not modular ly designed with 
plugable PCB's could require further redesign for ease of replacement. Redesign 
for ease of maintenance was Identified for some units . 

Moisture Sealing . The EC specification requires all connectors and wire 
junctions to be sealed. The SEEIR has no equivalent requirement. The ration- 
ale for the relaxation of this requirement is that normal practice should be 
sufficient for the currently planned Spacelab atmosphere. 

Since the SEEIR requires encapsulation of PCB’s In most cases for vibra- 
tion and flammability reasons. It was assumed that all wiring Junctions on the 
PCB’s would be sealed, therefore, no delta would be required. Other Junctions, 
besides connectors, are primarily at terminal strips. Therefore, the delta 
was assumed to consist of sealing or potting all connectors and terminal strips 
In each Item. Some connectors are easier to seal than others. Printed-pln 
PCB connectors and some "auto harness" type molded mylar 'connectors will be 
very difficult to seal. The cost analysis assumes some percentage of connector 
replacements in addition to sealing. However, some PCB connectors may need 
re-sealing after each module removal/replacement. Two halves of internal 
connectors are sealed, while only one half of external interface connectors are 
sealed. Coaxial cable connectors are sealed as well as hlgh-denslty pin con- 
nectors. 

Polyvinyl Chloride CPVC) Replacement . The EC specification prohibits PVC 
without exception. The SEEIR allowed PVC in totally enclosed containers and on 
single loose wires. Costing delta consists of delta replacements of x^lring 
(loose and harnesses) in sealed and totally enclosed units, unless It is TFE. 


Human Performance Engineering . Ihe EC specification requires NASA 
Specification 10M33322, "Man/Systems Design Requirements for Sortie Lab," to 
be met. Three requirements were judged to cause potentially significant cost 
Increases : 

1. All fasteners to be 1/4-tum self-contained. 

2. All doors to have friction hinges. 

3. Operating instructions to be silk-screened on an 
Item's panel wherever possible. 

It was assumed that each item would need at least four fasteners for 
rack securing. Also, any plug-in modules from the panel face would need such 
fasteners to replace existing thumbscrews, etc. The latter requirement affects 
NIM modules as well as commercial oscilloscopes, RF analyzers, etc. 

All item doors were assumed to have hinge replacements. 
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All IteiiiB were assumed Co have some silk-screened instructions placed on 
panels except oscilloscopes and voltmeters. Ihese two units were exempted for 
two reasons: (1) the panels on these are too crowded , and (2) operation of 

such familiar devices should not require special instructions. Instructions 
are assumed to be proportional to the number of panel controls. Some controls 
have little space available but effort to "design” the right words for this 
problem will offset the lack of available space. 

4.2.2 Impact of EOOQ6M30000A on Selected Equipment 

This section provides a detailed summary of the delta modifications 
resulting from the EC specification as compared to the SEEIR. The basic 
modification Information la discussed In Section 4.2.2. 1, while detailed 
costs are sunmarlzed In Section 4. 2. 2. 2. 

4. 2. 2.1 Modifications 

Table 4-3 lists the EC006M delta modifications for 31 items. The blood 
cell counter, freezer, and dewar were omitted from the list since these Items 
could only be custom built. The modifications were determined by inspection 
and data similar to the manner in which they were previously defined. The 
following is an explanation of the data contained in Table 4-3. 

Vacuum and Thermal Impacts . The nonoperating temperature and non- 
operating vacuum columns estimate the new parts and test facilities, including 
test time, needed to satisfy the NASA specification. As a general rule, one 
half of the parts replaced were assumed to be different. In the case of the 
Neff amplifier, a fewer number of part types is needed because the assembly 
consists of 16 identical modules. 

As a general rule, 5 percent of the total parts count is estimated to 
need replacement to satisfy the additional thermal requirements if specifica- 
tions Indicate qualification below 0 F (“18 C) . If the current manufactur- 
ing practice essentially meets the EC006M requirement , then no parts replace- 
ment is required. If the current practice lies somewhere between about -30 F 
(-34.4 C) and 0 F (-18 C) , then 2.5 percent of the parts are assumed to need 
replacement. The laser was felt to be a special case where internal temper- 
ature control is needed to avoid low temperatures that could affect critical 
optics alignments. A heater and thermal switch were added to the unit. 

A similar approach was used to estimate replaced parts for vacuum 
exposure. However, it was assumed that all items with significant popula- 
tions of electronic parts would require the same replacement rate. That is, 
no redi: 3 tlon was assumed for parts qualified for 55,000 feet (1.68 km). The 
RHG transmitter was an exception because available information indicates a 
minimum usage of conventional discrete electronic packaging for active devices. 
The striyline and hybrid circuit type construction- in the transmitter indicates 
a reduced potential for the problems often caused by vacuum; therefore, no 
replacements were required. 
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Table 4-3. EQ)06M Delta Modification Summary 
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Lubricants may require replacement If exposed to vacuum, depending upon 
sealing and duration of e3q>osure. The items that contain significant lubri- 
cants (in terms of replacement costs) were Identified by the number of 
lubricated asseablies such as motors, linkage asseitd>lles, etc. The Honeywell 
tape recorder, for instance, contains three tape-handling motors, two fan 
motors, and pinch-rollers, a total of six lubricated assetnhlles. The CRT 
strip recorder has one motor, one tachometer and a paper-handling roller 
assenhly, i.e., three lubricated assemblies. The microtome has numerous 
gears, ratchets, etc., making up two lubricated asseid}lles. 

Test Connector Signals . Estimates of the number of test signals required 
for each item were based upon assessment of the nunber of logical assemblies 
that were functionally Independent and could be repaired or replaced. As 
explained previously, wiring harness, connector, signal Isolation circuitry 
and PCB rework requirements were estimated from this Information. 

Moisture Sealing . A count of Internal and external connectors and 
terminal strips /boards was made to estimate sealing requirements. Connectors 
are divided ...nto standard and printed-pin PCB type. These categories repre- 
sent different sealing problems that could result in significantly different 
relative costs. Access to each connector for sealing is a function of the 
concerned item. 

PVC Replacement . Estimates are provided for the wires in harnesses that 
are In totally enclosed units and therefore not replaced due to the SEEIR. No 
entry (-) indicates no PVC in the item (either no wiring, or TFE is reportedly 
used) . 


Human Factors . The nunber of controls per unit is shown since this 
indicates the effort required to define and apply silk-screened panel 
Instructions. Ho entry (-) indicates no controls (NIM power supply) or the 
requirement for instructions is assumed to not be possible due to panel 
control density. 

The number of captive 1/4-turn fasteners for each item is based on the 
assumption that rack-mounted units attach by their front panel and require 
at least four per item. The tape recorders were alloted two additional 
fasteners to provide more support for vertical rack mounting. Where panel 
access to replaceable modules are used, the mounting screws (usually thumb- 
screws) are replaced with the required fastener. Vftiere tiew rack-mounting 
brackets were required by SEEIR and logically could include the fasteners 
with negligible added cost, a fastener delta for the EC specification was not 
estimated. 

Finally, all doors or lids with hinges were Identified and replaced to 
meet tne EC006M and 10M33222 requirement for friction hinges. 
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4. 2. 2. 2 Delta Modification Cost Analysis 

The additional costs Incurred by requiring the selected equipment Items to 
conform to the EC006 specification are of two types. The first type includes 
additional modifications identified to satisfy the requirements of this speci- 
fication which are in excess of the study-developed specification. A second 
cost type, particular to the EC006 specification, includes additional engineer- 
ing requirements which were not associated with a modification. These costs 
reflect the additional analytical, testing, and reporting efforts typical of 
most aerospace-type specifications. 

Approach , The approach to defining each cost element is similar to the 
approach explained for the determination of modification costs in section 3.0. 

The delta activities were categorized as follows; vacuum and thermal capabir 'V, 
test connectors, sealants, wiring, fungus, corrosion, material control, safety 
interlocks, interchangeability /replacement, maintainability, reliability, and 
parts replacement. Wherever possible a count of hardware was estimated and 
used as a basis for estimating, at a grass roots level, the number of engineer- 
ing and manufacturing hours required to perform the required tasks. 

The engineering tasks include parts identification, requirements documenta- 
tion, vendor coordination, test procedures, wire definition, test signal selec- 
tion, connector and harness design, circuitry and voltage analysis, materials 
analysis for fungus control, elimination of electrolytic couples which might 
corrode, maintainability design, documentation and customer approval, reliability 
predictions and change identification, A major input is the systems engineering 
effort to make these identifications and ensure consistency with the Spacelab 
requirements. Each of these tasks were reviewed individually by hardware item 
to ensure first that the effort was a requirement, and secondly, that no overlap 
or omission occurred. The hours were then extended by the appropriate rate 
which Included labor, burden, and administrative expense to project the total 
cost. 


To determine the manufacturing cost impact, man-hour standards were 
utilized to estimate the cost of modifications derived by engineering. These 
standards are the same as applied in the cost analysis of the first set of 
modifications and were applied to fabrication, material, quality assurance, 
and test procedure costs. 

The test effort required was projected by engineering personnel and related 
to the changes required to meet the NASA specification. Caution was taken to 
avoid any duplication and where appropriate, such as in vibration tests, it 
was assumed that the test estimate for the original modification was adequate 
and would be performed at the conclusion of the modification program whether 
the study specification or EC006 specification was applied. In either case, 
this test is performed only once. 

The same factors used for the original modification costs were applied to 
the documentation and project management costs; i.e. , documentation equals 10 
percent of engineering, manufacturing, test and program management equals 5 
percent of total cost. 
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Besulta . Hardware modification costs are significantly impacted by an 
aerospace- type equipment specification. The average cost of hardware modified 
to the MSFC specification is twice the magnitude of the average cost incurred 
when equipment is modified to the study-developed specification. Table 4-4 
summarizes the cost impact by equipment item and function. The basic cost 
categories are itemized including a breakdown of engineering costs into costs 
incurred by the modification cf hardware and those Incurred by systems engin- 
eering activities necessary to satisfy the E0006 specification. The total- 
cost of additional modifications are shown for each unit. Adding this cost to 
the cost of the modified hardware described In Section 3 establishes the total 
cost of each item when modified to meet the EC006 specification. 

Fabrication costs are lower relative to modification engineering costs 
than generally estimated for the equipment modified to SEEIR requirements. 

This lower multiple results from Inclusion of assembly, disassembly, certifi- 
cation, and general manufacturing support costs with the previous modifications. 
The fabrication costs shown in Table 4-4 reflect only the specific manufactur- 
ing activities related to the delta modification required. 

The test costs did not vary as much between equipment items as It did In 
the previous modification activity. Testing In support of materials control 
requirements of the EC006 specification and a maintainability demonstration 
cause this smoothing of test costs. The cost of testing materials to identify 
their toxicity and flammability characteristics were apportioned squally across 
all equipment items, since this information is applicable to more than one 
equipment type. (Information regarding the characteristics of a specific 
material would apply to all units containing that material.) Cost of a dem- 
onstration of ease of maintenance was also assessed against each unit. The 
cost of these tests was much higher than the cost of all other delta testing 
associated with the EC006 specification. Therefore, major differences in test 
costs did not result. 

The cost of the additional modifications and system engineering amounted 
to $936K for the 31 units modified. This amount is nearly the same as the 
cost of modifying the hardware to meet the SEEIR. The sum of these two costt' 
equals the cost of modified hardware satisfying the EC006 specification. As 
Table 4-4 shows, a major fraction of the cost of meeting the EC006 was incurred 
by the systems engineering activities necessitated by the specification. The 
SEEIR minimizes reporting activities, eliminating the need for much of these 
costs. 

Figure 4-2 compares the cost of modifying each of the selected equipment 
items to the EC006 specification or the study-developed equipment specification 
(SEEIR) . The shaded area in each bar represents the cost of modification to 
the SEEIR. The total height of each bar is the cost of modifying the equipment 
to the EC006 specification. The blank area then represents the cost added by 
the EC006 specification. 

liodifled hardware costs doubled when the requirements of the MSFC specifi- 
cation ^re met. The average cost of the selected hardware is $62,000 as com- 
pared to $32,000 for the average cost of the hardware moillfled to the SEEIR. 

The average of the ratios of modification cost to retail cost rises from 8 to 
18 when the NASA specification is imposed. The ratio of the total modification 
cost to the total retail cost rises from 4 to 10. 

Figure 4-3 compares the hardware modified to the EC006 specification with 
estimated cost of the same hardware custom built. This figure should be 
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Table 4-4. Delta Modification Cost Summary^ 
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995 
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30.474 

30,402 

60,876 

MULTICHANNEL ANALYZER 
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FLUKE 

1,524 
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2.209 
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10,430 
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aUKE 
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2,776 
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OSCILLOSCOPE 

TEKTRONIX 

1,143 

13,270 
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5,362 



1.910 
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35,243 
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H/P 

698 

8,555 

13,157 

5,005 



1,499 

31,476 

25,407 

56.883 

ELECTROPHORESIS 

BECKMAN 

1,240 

10,705 

12,939 

5,778 



1,626 

34,150 
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148.325 

PARTICLE COUNTER 
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9,160 

12,908 

5,341 



1,494 

31,369 

18,778 

50,147 

pH METER 
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2,866 
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5,170 
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18,582 

21,431 

40,013 

KEYBOARD DISPLAY 

RESEARCH 

614 

5,190 

14,848 

5,281 



1,175 

24,665 

35,542 

60,207 
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: 

- 

7,544 
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800 
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9,365 

24,727 

MICROSCOPE 

AMER OPTICAL 

- 


6,164 

4,420 
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13,853 
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33,039 

FURNACE 

ASTRO 

- 


11,500 

4,420 



1,066 

19.548 

25,545 

45,093 

MICROTOME 

AMER. OPTICAL 

- 


6,311 

4,420 



719 

14,012 

11,697 

25,709 

POWER SUPPLY 

SORENSEN 

719 

4,140 

8,372 

5.373 



1,058 

22,224 

20.015 

42,239 


POWER DESIGN 

318 

3,840 

8,801 

4.766 



1,014 

21 ,284 

14,680 

35,964 

STRIP CHART RECOMCR 

HONEYWELL 

2,191 

19,130 

14,229 

5,823 

2,562 

2,197 

46,142 

32,725 

78,867 

TOTAL 

32,019 

251,525 

380,685 

162.479 

79.422 

44,880 

936,070 

1,003,813 

1,939,883 

*COSTS ARE GIVEN IN DOLLARS 
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c(»ipared to Figure 3-36. Previously, all 31 Items modified were estimated to 
cost less than the cost of equivalent custom-built hardware. Enforcement of 
Che ECX)06 specification caused flvp of these Items to have modification costs 
In excess of their cvatom costs. The Tennelec timer /counter, the Power Designs 
power supply, the Neff amplifier, the Fluke Model 8200 volt-ohm meter, and the 
Sorensen power supply can be more cost effectively procured If custom built in 
this case. The excess of the modification cost above the custom-built cost Is 
shown In black on the bars of these units. The average savings on all 31 modi- 
fied units dropped from 519SK to $163K. Therefore , application of either 
specification results In the same conclusion— use of commercially available 
equipment and Instrumentation Is cost effective when compared to custom-built 
hardware . 

The average per-unit savings Is still large eveii though the EC006 speci- 
fication Is applied. However, a potential savings of $25 million could result 
to the program If the SEEIR specification where used rather than the lC 006 
specification. Review of the specification comparison presented In Section 4.1 
Indicates that the requirements of the EC006 specification could be relaxed 
without affecting the performance, reliability or safety of the experiment 
equipment. Therefore, adrptlng equipment requirements consistent with those 
defined In the study-developed specification is recommended. 

4.3 ALTERNATIVE SPECIFICATION REQUIREMENTS 

The study thus far has examined the requirements and costs of modifying 
CAM equipment to meet specified requirements for placement In the Spacelab. An 
alternative to modifying equipment is relaxing these specified requirements 
allowing available equipment to be placed on board with as little modification 
as passible. This section explores possible changes to the Spacelab equipment 
specification. Candidate requirements for tradeoff were Identified by examin- 
ing the characteristics of the CAM equipment in the available configuration, 
the modifications identified In Section 3.0 to make the equipment suitable for 
Installation in the Spacelab, and the differing requirements Identified by the 
specification comparison discussed in Section 4.2. 

Results are presented of tradeoffs of alternative specifications for the 
vibration environment, material control requirements, and corrosion and fungus 
control, along with an analysis of the Impact of changing equipment to be com- 
patible with the 28 vdc primary Spacelab power source. Detailed tradeoff 
Information Is presented In Volume III. 


4.3.1 


Rack Vibration Isolation 


> 4,3. 1.1 Objective 

The suitability analysis determined that almost all items would require 
modifications to meet the ERNO Spacelab vibration spectrum used In the SEEIR 
specification. Sixty to 80 percent of the total CAM modification costs apply 
to vibration modifications. While the evaluations show that the modifications 
are highly cost effective, compared to the cost of custom equipment, these 
. modifications could be significantly reduced If the items were more effectively 
Isolated from the Spacelab vibration. Therefore, it is appropriate to 
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InvestigetA the feasibility of vibration isolation and to evaluate the costs 
of several alternative methods. 

The tradeoff is directed primarily at standard rack-mounted equipment 
because 25 of the 34 items studied were suited for such mounting. However^ 
study results could just as well apply to the five items that were found to be 
unsulted to standard rack mounting by assuming the use of a special rack or 
bench with similar isolation, 

4.3. 1.2 Comparison of Alternatives 

There are many possible system solutions to isolate the equipment items. 
Isolation can either be active or passive. Active isolation is not cost- 
effective for the smaller equipment clusters. It may be potentially effective 
for a number of consoles mounted in one rigid system. It may also be cost- 
effective at the total Spacelab level since costs would be shared by all 
equipment items. 

Low-frequency passive isolators are feasible at the unit, rack, or group- 
of-racks levels. They would be less desirable ct the total Spacelab level 
because of the resultant in|:erface complexities from large peak displacements. 
Ihe assessments made were therefore aimed at the potential of (1) passive iso- 
lation of equipment units in hard-mount racks, (2) hard-mounting of units in 
passive isolated racks, and (3) hard-mounting of units in racks that are hard- 
mounted in groups to a passively isolated framework. 

Isolated Equipment Units In Hard-Mounted Racks . The most straightforward 
isolation approach would be to isolate each item In an equipment rack. This 
alternative is not cost-effective and impacts the physical dimensions of the 
rack. Development of an Isolator effective in the low-frequency range neces- 
sary for the equipment is estimated to cost $150 thousand. Since isolators are 
custom built to the characteristics of the package attenuated, this cost would 
be Incurred for each package with dissimilar mass or resonance characteristics. 
The cost of the internal modifications of each package averaged $10,000 and is 
therefore more cost-effective. The excursions of the vibrating equipment could 
be up to +1.5 in. (3.8 cm). These excursions would necessitate the construc- 
tion of an over-sized rack, impacting the Spacelab design. Inter-unit 
connections would also be Impacted by these excursions. 

Rack and Multi-Rack Isolation . Distribution of the costs of isolator 
development among more equipment Items by either Isolation of a rack or a group 
of racks is more cost-effective. The most serious potential problem is that 
total weight variations in each rack may require custom isolators. The flexi- 
bility of using Spacelab would be affected. Either the Isolators could not be 
designed until the rack wafi loaded, or extensive coordination would be needed 
to assign equipment items to racks and establish weight goals. Neither is 
compatible with a flexible user policy. Tliis problem would be solved if a 
standard ••ange of isolator designs were made available to accommodate various 
weight ranges. This issue requires an in-depth study to verify design feasi- 
bility and to establish the required design parameters. 
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4«3.1.3 Conclusions 

The following conclusions were made during the tradeoff study: 

!• Grouping of equipment Items into multiple-rack Isolated systems 
would be cost-effective provided that the proper Isolators are 
made available for the spectrum of weights and mass distribu- 
tions. Isolation of Individual equipment Items within racks 
Is » as a general rule, loqiractlcai and not cost-effective. 

2. A test program should be undertaken to understand the true non- 
operating vibration environment capability of CAM equipment. 

Two thirds of those items studied were not tt.'sted to a defined 
vibration spectrum. Data for the other one-tl\lrd quoted mostly 
sea-going vessel specifications for operating conditions and 
many may be capable of more stringent low-frequency Inputs. 

4.3c2 Material Control "ftradeoff 

4. 3.2.1 Objective 

The objectives of this trade study are to (1) determine whether It Is feas- 
ible to reduce the Spacelab Internal experiment equipment material control 
requirements from the level defined by the NASA equipment specification 
(EO0O6M0O0OOA) to the study SEBIR specification, and (2) determine whether It 
is feasible to eliminate all material control requirements (except for mercury, 
cadmium and zinc) . 

The first objective was evaluated by a risk analysis Which considered the 
cost differential between imposing the study SEEIR specification requirements 
and Che NASA specification requirements upon the equipment, compared to the cost 
of modifying and ref lying experiments which failed because of a material control 
tj-pe of problem. 

The second objec tlve was evaluated by comparing the cost savings expected 
by further relaxing the study specification material control requirements, with 
the costs of adding an active method of cleaning the Spacelab environment of 
Increased outgasslng products or Isolating the Increased outgassing products. 

4. 3. 2. 2 Discussion of Results 

Relaxation of the material control requirements of the EC006 specification 
to the requirements of the SEEIR dees not reduce crew safety and la cost- 
effective. The specifications differ only In the depth of material Identifica- 
tion required and the treatment of enclosed units. The 150-hour bakeout 
required for all units by the SEEIR and conformal coating of printed circuit 
boards eliminates the need for identification of all materials. Enclosed pack- 
aging restricts co-mlngllng of the package atmosphere with the habitable envir- 
onment. Therefore, both specifications are equally safe. 

A risk analysis was used to evaluate the cost-effectiveness of relaxing 
the material control requirements down to the level of the study equipment 
specification. Relaxation of a specification increases the risk of equipment 
failure. 

The results of the risk analysis are shown In Figure 4-4. The horizontal 
line represents the cost differential between the NASA and the study level of 
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EC006M - 0 FAILURES 


STUDY SPEC - 0 FAILURES 


Figure 4-4. Risk Analysis for Relaxing Material 
Control Requirements from NASA Spec to Study Spec 


material control requirements. This line represents the additional cost of 
identifying all materials in the equipment, approving the listed materials, 
and replacing any wire runs (internal and sealed units) from PVC to Teflon 
Insulated wire. Since the cost Is not proballstic, because it would be 
expended for all Items of equipment. It is represented as a horizontal line. 

The slanted lines represent the expectation of incurring the cost of modifying 
up to five units that failed due to a material failure. Since such a failure 
is probabilistic, the expected cost varies with the probability of occurrence. 
For example, the probability of five equipment failures occurring during the 
program may be only 1 In 10. Therefore, the ejqiectatlon is only about 
$700 thousand. Another way of explaining this cost is that with a probability 
of 1 in 10, the total cost of five failures would only be Incurred once in 
ten experiment programs. Tb ref ore, one-tenth the cost of these five failures 
Is apportioned to one experiment program. 

The cost of a failure Is based on the cost to refly the failed experiment 
hardware and the cost to fix that hardware prior to ref light. Ten experiments 
are assumed to fly on any Spacelab; therefore, one-tenth the cost of ref lying 
the Spacelab Is assessed against that experiment. The cost per flight used 
was $10.^5 million (1974 dollars) which Is an average cost for 439 flights. 

Ttie intersection of the slanted and horizontal line defines the probability 
of occurrence where the cost of Imposing the EC006 specification equals the cost 
of relaxing the specification to the SEEIR requirements. If only one failure 
should occur, it Is always cost effective to relax the specification. The prob- 
ability of two failures occurring during the program has to exceed 0.72 to make 
imposition of the EC006 specification cost effective. The pTobability must be 
greater than 0,5 for three failures to occur to make the EC006 specification 
cost effective and so forth. 
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The differences between the two specifications are small and should not 
result in significantly different failure rates. The major cost difference 
results from different material reporting requirements. An increased risk 
exists only for enclosed units. The SEEIR allows materials to exist in these 
units which would not be allowed by the EC006 specification. In the opinion 
of the study team, the probability of a material failure causing an equipment 
failure Is not significantly different for the two specifications. It Is 
believed that the probability of two failures occurring as a result of the 
specification differences Is much less than 0.72. The probabilities for 
additional failures are also much less than the cross-over points shown on the 
figure. Therefore, relaxaitlon of the EC006 specification to material control 
requirements defined by the SEEIR specification is recommended. 

Elimination of all material control requlretnents was also examined. Total 
Isolation of all equipment , or addition of a catalytic bun.er and appropriate 
sorbents to the Spacelab environment control subsystem (ECS), were examined. 
Equipment could be placed in a sealed rack charged with an inert gas to prevent 
fire. Sealing of the rack prevents toxins evolved from the equipment from 
entering into the habitable environment. Scrubbing of the atmosphere to main- 
tain trace contaminants in the atmosphere below allowable thresholds can be 
accomplished by modifying the Spacelab ECS. Fire extinguishers would also be 
required to control a fire In this latter case. 

Both alternatives are not cost-effective and were rejected. The inert gas 
isolation approach would cost at least as much as instituting a materials con- 
trol program and would only be effective for the rack-mounted equipment. Seal- 
ing of rack-mounted hardware would require equipment modifications as extensive 
as those required to meet tlie material control specifications identified in the 
Spacelab /Experiment Equipment Interface Requirements (SEEIR) document. Isolation 
of bench-mounted equipment requires special packaging and could affect equipment 
operations. Most likely, a materials control program would still be necessary 
for these packages. Institution of a materials control program for a portion 
of the equipment would not aidiieve the objective of further relaxation of 
material control requirements. 

The contaminant removal subassembly and fire extinguisher approach also 
is not cost effective. Development of a catalytic burner and associated sorbent 
beds is estimated to cost $5.7 million. Each unit Installed in a Spacelab would 
cost an additional $0.8 million. If three Spacelab modules are required for the 
Sortie Experiment program, a total cost of $8.1 inillion would be incurred. The 
cost of fire extinguishers Is negligible by comparison, and has been recommended 
by the Phase II Spacelab study. The $8.1 million cost does not compare favor- 
ably with the estimated programmatic cost for modification of equipment to meet 
the requirements of the SEEIR specification, which is $3.7 million. 

4. 3. 2. 3 Conclubion 

Reduction of material control requirements to a level defined by SEEIR is 
cost-effective. A risk analysis showed that the costs incurred by a failure 
resulting from relaxed material controls are less than the cost of imposing 
the NASA equipment specification* Mo compromise to crew safety is envisioned 
by implementing the study-developed material control requirements. 
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Further specification relaxation is not recommanded. The cost of removing 
the Increased offgassing products by means of a catalytic burner or the Isola- 
tion of Che offgassing products by cooling all rack-mounted equipment with a 
closed, gaseous nitrogen system exceeded the cost of implementing Che study- 
developed material control requirements. More Important, crew safety could 
very well be jeopardized by the Increased amount of offgassing products If 
special precautions were not exercised. 

4.3.3 Moisture and Fungus and Corrosion Requirements Tradeoff 

4. 3. 3.1 Objective 

The NASA specification for CAM equipment currently requires all materials 
used to be non-nutrient to fungus growth, or treated so the e 3 q>osed surfaces 
will be fungus resistant. Also, the specification requires all metals to be 
corrosion resistant or to be processed to resist corrosion. Both of these 
requirements are Intended co protect ground signal equipment from the deterior- 
ating effects of climatic and service conditions encountered In military use. 

The objective of this trade study then Is to determine If the requirements 
for moisture and fungus resistance, and corrosion resistance (as stated in 
NASA Specification EC006MOOOOOA) , can be waived without significantly reducing 
the life of the equipment. 

4. 3. 3. 2 Tradeoff Conclusions 

It Is recommended that the EC006MOOOOOA requirements for moisture and 
fungus-resistant materials be waived. The basis of this recommendation Is 
as follows* 

1. Ground operations for Spacelab, being studied for the NASA 
under Contract NASl-12933, implements a study ground rule 
requiring a 50-percent relative humidity (or less) environ- 
ment for all Spacelab ground operations Including experi- 
ments. Studies have shown that relative humidities below 
50 percent will not promote fungus growth nor electrolytic 
coupies . 

2. Periodic flight operations at 70-percent relative humidity 
(maximum) are not of sufficient duration to promote fungus 
growth and/or corrosion. 

4.3.4 Power Distribution for Experiment Equipment Study 
4. 3. 4.1 Objective 

The ' 'Sue addressed by this tradeoff is whether it is more cost-effective 
to modify experiment equipment items to utilize primary 28 vdc directly than to 
convert this power to 115 vac (60 and 400 Hz) and 220 vac (50 Hz) to be compat- 
ible with the equipment as currently designed. 

Conversion of the 28 vdc Spacelab primary power to various voltages and 
frequencies for input to these units (with subsequent reconversions to internal 
secondary voltages) represents a double conversion loss. Such conversion 
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losses directly reduce the amount of available useful pover, Increase the heat 
rejection requirement for a given experiment load, and Increase the weight of 
the conversion hardware. However, 28 vdc primary power may also not be a 
convenient power form, thereby also Incurring conversion losses. This analysis 
compares the main elements of both power conversion systems in order to deter- 
mine the relative electrical efficiencies, wel^ts and costs Involved. 

A. 3. 4. 2 Discussion of Besults 

The two alternative concepts shown in Figure 4-5 were compared with 
respect to conversion efficiency, weight and cost. No clear advantage exists 
for the efficiency of either alternative. Both concepts actually operate as 
dc-dc converters. The main difference is that the ac approach uses an extra 
transformer and harmonics filter. Also, the conversion frequency for the 
typical dc-dc converter is much higher in order to use low-cost parts and 
decrease weight. 

Typical ranges of power losses for the key components used in the two 
approaches are noted in Figure 4-5. Without detailed designs, a clear-cut 
efficiency advantage cannot be shown for either approach, but some advantage 
is indicated for the ac approach. 

Dc-to-ac inverters in the kw range typically operate with a loss of 
10 to 15 percent. An Apollo inverter unit had a loss of 15 percent, for 
instance. Smaller inverters and dc-dc converters exhibit greater losses due 
to the greater proportion of power required by chopper and regulation elec- 
tronics. However, available space in a package, left by the removal of its 
power supply, will probably not be adequate to accommodate efficient trans- 
formers in the dc-dc converter. The transformers used in the dc-dc 
converter concept would probably be less efficient than the transformers in 
the ac concept. 

The delta weight between the two approaches is comprised of differences 
in component weights and support hardware weights. Table 4-5 summarizes the 
weights of the main elements for each system. A significant weight saving 
is indicated with high-voltage ac power distribution as compared with Iw- 
voltage dc power distribution. 

The weight of support systems (reactants and heat rejection), incurred 
by the d^lta inefficiencies between the two approaches, can be discounted 
since the efficiency evaluation showed little difference between the two 
systems. 

The ac power distribution approach requires no power supply modifications 
in the experiment units, but will require development of Spacelab power conver- 
sion equipment to provide the standard voltages and frequencies required by 
the experiments. 

The dc power distribution approach requires no Spacelab po^.*er conversion 
equipment for experiments (some will be required for Spacelab subsystem equip- 
ment) , but will require extensive redesign and modification of almost all 
experiment units. Due to the large number of coiibinations of Inb rnal 
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Concept 

Electronics 

Units 

60 Hz ac 

5 

60 

(27) 

400 Hz ac 

5 

60 

(27) 

DC 

29 (14) 

29 

(13) 


Total Weight 


60 (27) 92 (42) 9-28 (4-13) 16 (7) 182-201 (83-91) 

60 (27) 41 (19) 4-13 (2-6) 16 (7) 126-135 (57-61) 



256 (116) 314 


(143) 


NOTE: Excludes primary regulators, structures for support/heat sinks, and unit rectifiers/ 
filters/regulators/loads (assumed equivalent for both concepts). 
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voltages and characteristics, and the variation In apace available In the units, 
custom power converter designs will be required for each unit* Experiment ac 
power requirements will result In dc-ac Inverters that can affect volume and, 
in some cases, thermal design* Although the cost of the chopper, transformer, 
rectifiers and filters for each small dc-dc converter Is less than a large 
dc-ac Inverter, the frequency control, overall design complexity and develop- 
ment costs are conq>arable* It can be reasonably expected that the requirements 
for experiment package power supply modifications (one for each package) , will 
result In many times the cost of the dc-ac inverters used in the Spacelab ac 
power distribution. 

Table 4-6 summarizes the comparative costs of the two Spacelab power dis- 
tribution approaches. Estimated costs are for the total program. As shown by 
the table, additional costs to Install the modifications Into the units for 
the dc concept were not estimated. 

4. 3. 4. 3 Conclusions 

It was concluded that there is no easy way to eliminate the double con- 
versions that take place In both approaches, short of complete redesign of 
the equipment for optimum use of source power. This would mean completely 
redesigned custom units with the attendant cost impact* 

The ac power distribution system is the lowest cost approach to accommodate 
the wide range of CAM equipment studied. The cost of many new dc-dc converter 
designs, unit modifications, and attendant problems for the 28 vdc primary 
power distribution system far overshadows the cost of the standard inverters 
used in the ac distribution system. 
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Table 4~6. Delta Cost Comparison of AC and DC Power Distribution 


CONVERSION UNIT 

ESTIMATED 
DEV. COST 
EA. UNIT 
($K) * 

DEVELOP- 
MENTS IN 
PROGRAM 

ESTIMATED 
UNIT COST 
($K) 

NUMBER OF 
UNITS IN 
PROGRAM * 

HARDWARE 

COST 

($K) 

PROGRAM 

TOTAL 
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S.O MODIFICATION SOURCE TRADEOFF 


j 

The purpose of this tradeoff is to determine the most cost-effective 
agency to perform equipment modifications. The objectives for the tradeoff 
are as follows: 

1. Recommend source for equipment modifications. 

2. Assess the sensitivity of the above recommendation to 
changes in the assumptions. 

5.1 GENERAL APPROACH TO THE TRADEOFF 

The following assumptions were used as the basis for conducting this 
tradeoff: 


1. The range of the recommended equipment modifications for the 
selected equipment items (Section 3.0} is assumed to be rep- 
resentative of all equipment modifications planned for the 
Spacelab operations. 

2. The frequency of Spacelab operations (flights) will be In 
accordance with the latest NASA Payload Mission Model 
(October* 1973). 

The options considered in this trade Include the following: 

1. Each equipment manufacturer incorporates modifications to 
his own equipment. 

2. one centralized contractor Incorporates modifications to 
all equipment items. 

3. NASA incorporates modifications to all equipment items. 

The criteria used for assessing the various options Included the following 

1. Cost to do equipment modifications. 

2. Time to do equipment modifications. 

3. Ability of each organization to incorporate the modifications. 

4. Modified equipment performance risk. 
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5.2 EQUIPMENT MODIFICATION PROCESS FLOWS 

In order to evaluate both the cost and time to pb-^form equipment modifica- 
tions, process flow diarts were constructed In a modified PERT format. These 
flows were constructed to a level sufficient to highlight some of the differ- 
ences that could occur among the various options. They also become the basis 
for Identifying succinct modification tasks and allocating time spans for 
accomplishing each task. 

Figure 5-1 represents the original equipment manufacturer's modification 
process flow. The modified PERT format allows time values (days) to be alloca- 
ted for performing the major modification tasks. These time values are In 
nominal days, determined from discussions with equipment manufacturers, esti- 
mates based on the total number of tasks to be performed, and the general 
character of each task. 

Three methods of accomplishing the equipment modifications by the original 
manufacturer were Identified, tfethod 1 represents equipment taken from the 
assembly line at an appropriate stage of buildup, modified, and put back In 
the assembly line for final assembly and test. Method 2 represents the con- 
struction of modified equipment from the initial piece-parts to final asseiibly 
and test (separate and distinct from all other on-golng manufacturing opera- 
tions). Method 3 represents .the modification of completely assembled equipment 
taken from the manufacturer's Inventory. There Is virtually no differe.nce In 
process duration for any of the three methods presented (considering the 
restraint of the overall settles of tasks to be performed) . Methods 1 and 3 
show a nominal overall time span of 103 days to accomplish equipment modifica- 
tions, while Method 2 requires 104 days. However, Method 1 Is probably the 
most cost-effective sequence since It maximizes the use of existing production 
procedures. 

Figure S-2 depicts the equipment modification process flew for a central- 
ized contractor or the NASA. The total time to accomplish a representative 
equipment modification Is seen to take considerably longer than the original 
manufacturer (approximately 75 percent longer). The increase in time results 
mainly from the ordering of the equipment to be modified, waiting for the 
equipment to arrive, the inspection of the equipment construction to determine 
the amount of modification required, and waiting for special parts and/or 
materials which were ordered. The relatively long time assigned to the last 
item for the NASA Is a result of the larger number of Items to be procured. 

It is assumed that the centralized contractor selected to perform equipment 
modifications will be a broad-range instrument manufacturer who would have 
more of this material on hand than would the NASA* Conversely, the time 
required to develop new drawings may be less for the centralized contractor 
and the NASA because of the. learning curve effect brought about by repetition 
of similar modifications. This advantage, however, may be offset by a lack of 
familiarity with the equipment. 

The actual time to perform the equipment modification (an average of two 
days) is the same In both process flows because the actual modification task 
should be equally unfamiliar for all three alternatives. 
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5.3 FACILITIES AND OTHER RESOURCE REQUIREMENTS 

Fron< the equipment modifications recommended in Volume 3, the facilities 
and other resources required to accomplish the various equipment modifications 
were determined. A key question to be answered concerned the existence of 
these resources at each equipment manufacturer and the availability of these 
facilities to perform the modification tasks, "nie approach taken to answer 
this question was a questionnaire mailed to the 25 equipment manufacturers of 
the ifems selecced for suitabity analysis. In addition to a query about 
resources, the questionnaire also addressed the method of doing the modifica- 
tions, the willingness of the company to participate in such a modification 
program, and an indication of minimum quantities of equipment required to 
initiate the modification activities. Figure 5-3 is a sample of the commercial 
equipment questionnaire. 

The results of the survey are shown in Table 5—1 and summarized as follows : 

1. Sixty-eight percent, of the questionnaires were answered. 

2. All manufacturers who. replied were in general agreement that 
they could undertake the typical equipment modifications 
(they had the reso»»rces). Several cases were identified 
where changes to vendor— furnished equipment would have to be 
negotiated. 

3. Fifty percent of the companies responding would pull units 
off the assembly line at an appropriate stage of buildup, 
modify them, and place the units back in the line for final 
assembly; 25 percent said they .would modify the completely 
assembled units taken out of inventory; 12-1/2 percent stated 
that they would special-build the equipment; and 12-1/2 per- 
cent failed to answer this question or could not answer it 
until specific quantities of modified equipment were 
identified. 

4. Eighty-eight percent of all companies responding said they 
would be willing to perform the equipment modifications; 

12 percent said they might be interested. 

5. The minimum number of units which would have to be ordered 
for a company to undertake equipment modifications ranged 
from 1 to 50 — the average being 10 units. 

The NASA was also questioned about the facilities and resources available 
to perform equipment modifications. It was determined that no central facility 
existed, but rather the capability was widely scattered among the various NASA 
centers. It was also determined that certain centers probably had excellent 
experience with specific types of equipment, depending on the kinds of develop- 
ment and operational activity Inherent within each center. 
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COMMS^CIAL EQUIPMENT QUESTIONNAIRE 

Th« onqlysls of eommerclol oqulpmtnt and Inttrumontollon for powlblo um on Shuttle Spoeelob payloads 
has shown that modlfleatlent ora almost always raqulrad. The Intent of this questlonnoire Is to determine 
the most cost-effective agency to perform these modifications •. 

1 . The fol lowing items ore tmieal modifications identified for a wide range of commercial products • 
Does your plant/divlsion hove the cc^ability to modify your equipment in these representative areas? 


NO REMARKS 


o. Replace PVC Insulated wire with 
Teflon Imuioted vdre> 

b. ChonM circuit board and chassis 
Instoiiattens to withstand Shuttle 
vibration environment by adding 
stiffening members^ special holders, 
clomps, etc. 

c. Add or enlarge otr passages for 
adequate forced-air ventilation 
aboard the Spoeelob* 

d. Reploce/protect glou with Lexan* 

e. Contain oil shatterables {jsuch os 
CRTs) within shield housings or 
equipment ease . 

f* Apply eenfomial coatings to circuit 
boar«. 


□ □ 
□ □ 

□ □ 

□ □ 
□ □ 

□ □ 


2. In general, how would you plan to modify your products? 

□ Pull off production line at on appropriate stage of buildup, modify, and put bock in 
line for final assembly steps and test? 

□ Modify the complat^ly ovofnbled unit tn a leporoto ma? 

□ Other (Please specify)? - 

3. Would you be willing to modify scene of your products for use on Shuttle Spocetab payloads? 

YES □ NO □ MAYBE □ 

4. What minimum quantity of equipment would have to be ordered for you to undertake the 
aforementioned modification activities (please cheek one)? 



Company 
Prepared by 


Telephone Number 


Figure 5*3. Sample of Commercial Equipment Questionnaire 
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Table 5-1. Results of Equipment Manufacturer Survey 
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YES NA NA 
YES NO YES 
YES YES YES 
YES YES YES 
YES NA NA 
YES YES YES 
YES YES YES 
YES YES YES 
NA NA NA 
NO YES YES 
YES YES YES 
YES NA NA 
NA YES YES 
YES >rtS YES 
YES NA NA 
YES NA NA 

YES YES YES 



WILLING TO 
MODJFY? 



NA NOT APPLICABLE 
VF VENDOR PRODUCTS INVOLVED 
SB SPECIAL BUILD 
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In order to more fully explore the possibility of performing equipment 
modifications right on the assembly line (as a part of tne original equipment 
buildup) , two representative commercial facilities were inspected— Beckman 
Instruments and Hewlett-Packard. In each case, assemibly techniques were studied 
for different types of equipment. 

At the Beckman Instruments facility, spectrometers were being individually 
assembled on a conveyor line. Asseinbly records traveled with each unit, so 
special assembly Instructions could be accommodated. Ihe most difficult part 
of the operation would be ensuring proper distribution of custom subassemblies 
or materials to the various work stations. With sufficient lead time, these 
procedures could be worked out with little or no impact on the normal assembly 
operations . 

Ihe manufacturing flow of a gas chromatograph was much sin^ler because 
these instruments were assembled at a single work station. For this kind of 
assembly operation, special parts, materials and subassemblies could be kitted 
for the modified Instruments. Accordingly, It is anticipated that any number 
of custom units could be assembled without significantly affecting the normal 
production activity. 

At the Hewlett-Packard facility, timers, digital counters and receivers 
were observed during their manufacturing flow. Here again, the single work 
station per assembled instrument approach was used. This same production tech- 
nique appears to be quite effective for production rates in the range of 100 
to 1200 units per month. 

The conclusion reached after studying the manufacturing, assembly, and 
test operations of several different kinds of instrumentation equipment are 
twofold. First, it is entirely possible to incorporate modifications as a part 
cf the original equipment buildup. Special parts and/or materials could be 
distributed to the various work stations along with special instructions. 

Second, the substitution of Teflon-insulated wire in place of PVC- insulated 
wire would probably cause the most problems at an original manufacturer's facil- 
ity. Tile basic problem is the identification of the new wire so that it would 
not be mistaken for PVC-lnsulated wire comnonly used in that plant. The cur- 
rent PVC-insulated wire uses many different color codings. The same color 
combinations could also be used for Teflon— insulated wire. So, rather than 
assign particular color combinations exclusively for Teflon-insulated wire, a 
more practical method would be to utilize wire which has the word "Teflon" 
stamped or printed on the insulation. For this identification method, a solid 
color (or white) would give the best results. 

Should the Teflon-insulated wire inadvertently become mixed with PVC- 
lnsulated wire, there are three quick tests (other than the printed word, 
"Teflon") to deteirmlne the differences. These tests are as follows. 

1. Touch . Teflon feels slippery, soapy, and is hard to hold 
between fingers when tension is applied to wire. PVC is 
easy to hold with fingers. 
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2« Adhesive . Most adhesives will stick to FVC, but will not 
stick to Teflon. 

3. Flame . Teflon swells and sags but does not burn; PVC buims. 

For each of these tests, any nylon sleeving on the PVC-lnsUlated wire 
should be removed. 

5.4 EVALUATION CRITERIA ANALYSIS 

In evaluating the various options in terms of the criteria previously 
established (cost, schedule, ability, and risk) , it should be stated that 
actual modification costs were not available from the original equipment manu- 
facturer. -The estimated modification costs that were generated in the study 
actually represent activities by a centralized contractor or the NASA because 
they include disassembly, reassembly, recalibration and retest operations. 
Although these kinds of operations could be performed by an original equipment 
manufacturer and included in his estimated costs, he would (in all probability) 
not incur these costs by choosing to modify the equipment during initial build- 
up (either on the assembly line, adjacent to the assembly line, or at a separ- 
ate assembly station)^ 

It should also be recognized that for each different category of equipment, 
the centralized contractor and the NASA must first become familiar with the 
construction details before specific modifications can be Implemented. This 
learning curve effect is only Important when the equipment acquisition rate is 
very low, in which case the original equipment manufacturer has a distinct time 
advantage. If the acquisition rate is significantly high, both the centralized 
contractor and the NASA would soon become familiar with the construction details 
of each specific item. 

5.4.1 Modification Costs 

The original equipment manufacturer can Incorporate the recommended modi- 
fications for less cost than a centralized contractor or the NASA. The next 
least-cost option appears to be the centralized contractor. The rationale for 
this decision is based upon two prime considerations. 

1. The first consideration is the basic familiarity of a 
centralized contractor with many types of instrumentation 
being considered for Spacelab operations. This organiza- 
tion would not take as long as the NASA, for instance, to 
become familiar with basic construction details, calibra- 
tion methods, test procedures, and troubleshooting tech- 
niques (should they become necessary) . 

2. The second consideration is the inherent flexibility of 
personnel to do the various tasks and the high utiliza- 
tion of plant and equipment (low depreciation costs) of 
an instrument manufacturing company, as compared to the 
NASA. The company can place personnel performing modi- 
fications on other instrumentation fabrication activities, 
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while NASA does not have parallel fabrication activities 
to support the excess personnel noxnally required for 
peak equipment processing periods. 

3. !Die total nunber of tasks to accomplish a typical modifi- 
cation Is 14 for the original manufacturer and 16 for the 
centralized contractor and the NASA (see Figures S-^l and 
5-2) . 

4. The original martufactuer can perform modification cheaper 
because he does not necessarily Incur double costs for 
disassembly » reassembly, recallbratlon wd retest while a 
centralized modifier always Incurs these costs. The 
original manufacturer can take a partially completed unit 
from the assenibly line and modify It, while a centralized 
modifier always starts with a finished product. The 
following cost details 'for the PDP-8E Computer have been 
extracted from Volume III to lllxistrate this point. 


Disassemble 

40 man-hours, manufacturing engineer 
40 man-hours, manufacturing technician 

Reasseiriale 

20 man-hours, manufacturing engineer 
60 man-hours, manufacturing technician 
40 dollars, material costs 

Retest to Original Specifications 

100 man-hours, test 

40 man-hours, manufacturing engineer 

O ther Support for Above Operations 

15 man-hours, assembly 
20 man-hours , Inspection 
20 man-hours, manufacturing engineer 
40 man-hours, expedite 

Total modification costs 


$1280 


$1283 


$2095 


$1271 

$5829 


The above example reveals that approximately $5800 in additional costs 
would be Incurred for each modified computer if the modifications were Incorp' 
orated by a centralized contractor or the NASA. 

Extending this example of program proportions and assuming the $5800 
applies to each of the modified units as an upper limit, the maximum program 
cost for this function could be as much as $10 million. Also, unique test 
setups for individual equipment types and the acquisition of special test 
equipment would Incur additional costa for a centralized contractor or the 
NASA. 


5-12 


SD 74-SA-0047-2 


1 


i 



J 



Space Divisfon 
Rockwell International 


Conversely, a centralized contractor or the NASA would, in all probability, 
be able to buy certain materials in sufficient quantity that considerable cost 
savings could be realized. This conclusion is based on the total qunatltles of 
acquired equipment (shown on bottom line of Table 5-1). 

5.4.2 Modification Time 


Original Equipment Manufacturer 

The nominal length of time to modify a typical item of equipment, as 
snown in Figure 5-1, requires approximately 103 days. The path of nominal 
constraint (and minimum total time) follows either Method 1 or Method 3. 

Method 1 would modify equipment during the buildup cycle, while Method 3 would 
take completed items of equipment from the manufacturer’s inventory for mod- 
ification and subsequent testing. The other method (assemble modified equipment 
completely when all parts are available) does not show an appreciable Increase 
in time to process equipment modifications. One conclusion reached is that the 
specific method is not a real-time constraint and should be left to the individ- 
ual manufacturer's choice. 

Contractor /NAS A 

The nominal length of time to modify a typical item of equipment is 
approximately 182 days (Figure 5-2). The path of nominal constraint (and min- 
imum total time) follows the estimated times shown for the centralized contractor. 
It should be noted that some of this time (60 days) is spent simply waiting for 
the equipment to be delivered after an order has been placed. Also, 10 days 
(average) is required to thoroughly Inspect the equipment for construction 
details and determine the extent of modification required. Once these modifl-* 
cation details have been documented for an individual equipment item, the 10 
days would not be repeated; but this time period would be required for eadi 
new item to be modified. 

The variation anticipated for the NASA to do the equipment modification 
would add about 20 days to the total processing time. The extra time stems 
from the concept that the NASA is not currently a producer of commercial-type 
instrumentation equipment and would, therefore, be unfamiliar with the design 
details, some manufacturing processes, shop instructions, test procedures, 
material usage, etc., for specific types of Instrumentation equipments. The 
learning curve effect has been discounted to this instance because of the many 
different types and makes of commercial equipment to be modified. 

5.4.3 Modification Ability 
Original Equipment Manufacturer 

ihe results of the questionnaire revealed that all companies who responded i 
were e;,.. .<>ped with the necessary facilities and resources to do the recommended 
modifications. The only exception to this conclusion would be In the area of 
certain environmental test equipment. In those cases where an original equip- 
ment manufacturer does lOt have the necessary environmental test equipment, the 
tradeoff has assumed thtt the necessary verification tests would be subcontracted 
to environmental test laooratories for virtually no additional cost to the pro- 
gram. 
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Contractor /NASA 

) Because of the kind of business in which a centralized contractor and/or 
the NASA is engaged, and their size relative to a typical original equipment 
manufacturer, it was assumed that both parties would have the necessary facil- 
ities and resources. There are two exceptions: (1) personnel trained to work 

on specific types of equipment, special test equipment and test setups, and 
(2) a basic stock of certain parts /materials peculiar to an original equipment 
manufacturer constructing a specialized product line. These shortages can all 
be overcome in time, but they do represent additional tasks— much more so for 
the NASA than for a centralized contractor. The centralized contractor would 
have a distinct advantage because he already has a basic knowledge of certain 
instrumentation details, trained personnel, and available manufacturing 
facilities which he can utilize. 

On the other hand, the fact that the NASA's facilities are widely 
scattered makes the acquisition of trained instrument personnel, special test 
equipment, special test setups, and increased material inventories a costly 
venture because of the Inherent duplication involved. Should a centralized 
Instrumentation facility be justified, the additional cost involved would be 
a real deterrent. 

t 

A factor against both types of centralized Instrumentation facilities 
(Contractor /NASA) is the rate of equipment acquisition. Modified equipment 
totals developed in Section 4, Volume XII have been plotted as shown in Fig- 
ure 5-4. The significance of this figure is the fluctuating nature of the 
expe’-lment acquisition totals per year, which reveals a peak every five years. 
The resulting fluctuation of manpower requirements would present a problem of 
periodic hiring and firing of personnel or shifting of personnel to perform 
some other useful tasks. Staffing flexibility available to the centralized 
instrumentation manufacturer might reduce the Impact of these peaks somewhat, 
as previously discussed. 
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5*4.4 Modified Equipment Performance Risk 
Original Equipment Manufacturer 

The original equipment manufacturer appears to be in the best position to 
warrant the performance of the modified equipment. This conclusion is based 
upon the typical practice that equipment performance is not warranted if mod- 
ifications have been performed by the buj'er/user. In almost all cases, the 
original equipment manufacturer will guarantee performance of a modified unit 
providing he has the opportunity to conduct verification tests on the modified 
equipment. 

Contractor/MASA 

Centralized contractors will not normally assume responsibility for equip- 
ment that they have not designed, manufactured and tested. Therefore, in the 
case of modified equipment, we must assume that a centralized contractor will 
retain the same attitude; l.e., no warranty stated nor implied. This attitude 
simply points out that the performance guarantee must be assumed by the modi- 
fied equipment buyer/user. But, this additional responsibility would impose 
no undue burden, assuming that properly trained technicians and facilities are 
available to make the equipment work properly and to maintain the equipment. 

The risk identified here. In terms of equipment performance, must be borne by 
the buyer/user after the equipment warranty expires. So, in a very real sense, 
the risk involved is limited to the time period normally covered by the original 
equipment manufacturer's warranty—normally one year. 

5.5 RECOMMENDED APPROACH 

A review of Table 5-2 indicates that the orlginaJ. equipment manufacturer 
is the best choice to accomplish the recommended equipment modifications. This 
conclusion is based upon the factors of cost, the shortest time to accomplish 
the modifications, the Inherent ability to incorporate the modifications, and 
the least risk to guaranteed equipment performance. Even without applying 
weighting factors to each evaluation criterion. Table 5-2 indicates a wide 
margin between the original equipment manufacturer's rating and the other 
options considered in this tradeoff. The first recommendation, therefore, is 
to utilize the original equipment manufacturer for equipment modifications in 
all cases where practical. It should be recognized, however, that a certain 
amount of technical coordination will be required with each manufacturer to 
determine the exact changes to be implemented for each type of equipment 
purchased. 

The above recommendations must be tempered by the willingness of the 
original equipment manufacturer to make the required modifications. It is 
conceivable that some high-production companies will not be interested in 
modifying their product line for just a few items (the average minimum buy is 
about 10 units). If this is the case, the next best source to perform the 
equipment modifications would be a ceptralized contractor. This recommenda- 
tion is based primarily upon the existing capability and lower cost of a 
centralized contractor to perform the required equipment modifications, as 
compared to the NASA. 
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One Centralised 

NASA Does All Vendor Does All Each Vendor Does 

Modtflcotlons Modifications Own Modificotlons 


GOOD 

High equipment utillzafion, 
low depreciation costs 

Test e^ipment already 
available 

Special test setups already 
available 

Less total tasks 

Flexible personnel 


Additional test equipment 
required 

Suy certain materials tn Icege 
quantities 

Special test setups required 
Large number of total tasks 


Additional test equipment 
required 

Buy certain materials in large 
quantities 

Special test setups required 
Lorge number of total tasks 


Table 5-2. Equipment Modification Trade 

Time I Ability 


GOOD 

More time to tnt<:rpret speci- 
ficotion 

More time to moke new 
drawings 

Shortest time to do modifica- 
tions 

Purchasing response short 
Otave equipment in stock) 


Less time to inteipret speci- 
fications (repetition) 

Less lime to moke new 
drawings (repetition) 

Medium time to do mods. 

Purchasing response long 
(number of items 


Less time to interpret speci- 
Hcotion (repetition) 

Less time to make new 
drawings (repetition) 

Longest time to do mods. 

Purchosing response long 
(number of items) 


GOOD 

Equipment available 
Skilled personnel available 
Procedures avoiloble 
Troubleshooting easy 


cquipm 

(jwrtj 


Skilledpersonnel not 
ovatlabfe 

Procedures not available 
Trouble^ooting difficult 


Responsibility 
GOOD 
Warranty in effect 


POOR 


Equipment must be obtained I No worranty 


POOR 


Equipment must be id>ta!ned No warranty 
frart) 

Skilledpersonnel not 


Procedures not availdble 
Troubleshooting hard 
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Another factor to be considered, however, is the benefit to be expected 
froa a centralized facility for certain common modification operations such as 
conformal coating application and verification testing (vibration, EMI, and 
theraal environaents) . These itene would appear ttt benefit from a centralized 
facility becauae of the better quality control (conformal coatings) and a more 
uniform application of conaon qnvlronaents (vibration, thermal) and EMI. 

Because the benefits of a centralized facility are seen to be intangible, it 
is difficult to precisely evaluate the degree of improvement which might be 
expected. Here again, the effect of the equipment acquisition rate is seen to 
be a negative factor because the fluctuation between high and low extremes 
would tend to make the operation of a centralized facility quite inefficient. 
Further studv is required to determine whether outside vending of these actlvl'^ 
ties is more cost effective than the buildup of a dedicated facility. 
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6.0 EQUIPMENT RECOMMENDED FOR PROCUREMENT 


Adoption of a policy endorsing the purchase of CAM equipment for Spacelab 
experiments cannot be based solely upon analytical data. Many of the conclu- 
sions drawn during this study require physical validation by testing. NASA- 
MSFC currently plans to procure certain CAI'! items to supplement the results of 
this study providing Information for the C/Ji equipment-use decision. This 
section presents the items recommended by the study team for procurement. 


<>.1 CHARACTERISTICS OF EQUIPMENT SELECTED FOR PROCUREMENT 

Procurement recommendations are based upon the results of the analysis of 
34 selected equipment items, and the study team's understanding of actions 
taken on two related programs, the Spacelab and the Beckman study, "Analysis 
of Multipurpose Equipment for Space Applications." In selecting specific 
items for recommended procurement and test, the following factors were 
considered: 

1. Cost-Effectiveness . The equipment recommended for procurement 
and test can be cost-effectively modified for suitability in 
the Spacelab. 

2. Frequency of Use . The number of equipment types required by 
the sortie experiment program, identified in Section 4.1 
(Volume III), was reviewed to assure that the equipment 
recommended for procurement is that which is truly useful to 

'i . sortie experiment program, is representative of a broad 
range of discipline requirements, and accounts for a signifi- 
cant proportion of payload funding requirements. 

3. Reftolution of Issues for Further Analysis . Equipment items 
were identified which, if procured and tested, will help 
resolve the suitability of characteristics which could not 
be verified during the suitability analysis. 

4- Design, Materials, and Processing Differences . Units were 
selected so that differences due to variations in specifica- 
tions and construction practices can be assessed. Differences 
among standard commercial, aircraft, and military hardware 
must be represented by the selected hardware list. 

5, Functional Diversity . It will also likely be useful to pro- 
cure and test a variety of types of items: electronic (e.g., 

amplifiers), electro-optical (e.g., lasers, spectrophotometers), 
electromechanical (e.g., tape recorders), chemical (e.g, gas 
chromatographs, pH meters) to understand construction differ- 
ences among hardware types. 
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6. Modification Feasibility Verification . All Items recommended 
require some modification. The modification activity will 
physically illustrate and verify study findings. 

6.2 TECHNICAL ASSESSMENT OF EQUIPMENT T/FES 

Equipment types examined during the study are listed on Table 6-1 In 
order of preference for procurement on the basis of the technical merit of 
testing these units. Hils list reflects the opinion of the study team as 
to which equipment items would yield the most information when tested. In 
many cases the type of unit defines the Issues that will be examined by 
testing. For these units, a "no preference" comment has been placed in the 
Manufacturer column. Obviously, the best correlation with study results will 
occur if the same unit analyzed is also purchased for testing. Uhen the unit 
of a manufacturer displays specific characteristics meriting testing, that 
manufacturer has been Identified. For example, the Nuclear Data spectrum 
analyzer is not only constructed according to NIM packaging specifications, 
but its wire connections are wire-wrap type Instead of the typical solder 
connections. To assure that both wire-wrap and solder-type connections are 
tested, a specific selection was made. 

The items listed have been grouped into three categories. The first 
category, Units of Significant Interest, include those items with diverse 
characteristics yet representative of the hardware that could be placed In 
the Spacelab. Units with similar characteristics are not repeated. Hie 
second group In^'ludes items which have characteristics similar to the units 
in the first group, or items which are expected to have limited use in the 
Spacelab. For example, many of the electronic packages fall Into this 
category because the computer and the strip chart recorder were selected as 
more desirable units and placed in the top group. Finally, the three units 
that could not be cost-effectively mcilfled for installation in the Spacelab 
were placed in a separate category. These units are excluded from consider- 
ation. Tlie characteristics that make the unit interesting and/or the 
reasoning behind placement of the unit in a given category are stated in the 
Rationale column. 

6.3 PRELIMINARY EQUIPMENT-TYPE ASSESSMENT 

Equipment types were assessed for possible procurement based upon poten- 
tial programmatic savings and the availability of equipment and information 
from other studies. 

Hie analyzed equipment types were ranked by potential savings to the 
Spacelab eiqierlment program. The 21 types represented by the 31 units that 
could be cost-effectively modified are ranked in order of highest to lowest 
savings to the program in Table 6-2. The magnitude of the savings was 
determined by multiplying the quantity of hardware estimated for the Spacelab 
experiment program by the estimated first-unit cost savings. The dewar, 
refrigerator, and Coulter counter were not included on this list because each 
unit could not be used in its available configuration, even if modified. It 
has to be custom-built and is, therefore, out of the scope of the proposed 
test program. 
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Table 6-1. Equipment Listed by Technical Importance 


Typ* 

Manufacturer AAode 1 

UNITS Of SIGNIFICANT INTEREST 

Tope Recorder | 

AMPEX, AR700 

Spectrophotometer 

No preference 

loser 

No preference 

Computer 

No preference 

Rece i ver/T fonsce i ver 

Cotllr , 610M-2 

Spectrum Analyzer 

Nuclear pot(^ 100 

> 

Strip Chart Recorder 

Honeywell, 1856 

Oscilloscope 

Hewlett-Packard 

ANAISM-281A 

Microtcope 

No preference 

Gos Chromatograph 

Beckman# 6700 

Digital Voltmeter 

Fluke, 8125 

Furnace 

Astro, 1000 A 

Centrifuge 

No preference 

UNITS OF INTEREST IF SOME OF ABOVE - 

Oscilloscope 

Tektronix 

Digital Voltmeter 

No preference 

Assorted NIM Equipment 

Tennelec or Ortec 

Electrophoresis 

Apparatus 

No preference 

Spectrum Analyzer 

Fluke 645M or 
Singer S5B 

Receiver 

* No preference 

Tape Recorder 

Honeywell 5600 

pH Meter 

No preference 

Spectium Analyzer 

Hewlett-Packard 

Amplifer 

Neff 

Disploy Terminal 

1 Research Inc. 


Rationale 


Airborne unit/ was modified and used on Skylab 
Sensitive tab instrument/ gravity-dependent junction 
Gloss components, exacting alignment requirements 
Typical electronic equipment-type construction 

AIR packaging airborne quolification; does not 
overheat up to 55/000 ft (1*68 km) oltifude 

NIM pockoglng/ maximum use of integrated circuits; 
wire-wrop connections 

Etectromechonicai; CRT containment required; design 
compatible with zero g— no gol variometer# no ink 
pen 

Mil-Spec oscilloscope qualified for field use 

Opticol unit; addresses glass containment issue for 
unit that can only be made of glass 

Process- type unit; chemical onalysis hardware 

Ruggedized Mil-Spec unit; provides for comparison 
of MM-Spec designs 

Heavy mechanlcoi unit; touch- temperoture problems; 
water cooled 

Electric motor with potential EMI problem 


Typical electronic instrumentation ; sensitive cir- 
cuits; unit Is basic type of loborotory equipment ! 

Typical electronic instrumentation; sensitive cir- 
cuits; unit is bosic type of laboratory equipment 

Typical NIM-type hordware 

Unit has unique characteristics: gravity-dependent 
design; high voltoges; gravity- dependent botch-type 
process 

Mil-Spec electrof^ic units; characteristics already 
examined by previously identified Mil-Spec | 

electi'«.rnics 

Many airborne and Mrl-Spec units available; 
characteristic;, examined by Collins unit 

Portable tape recorder; construction typicol of 
high-quality electronic units 

Simple electronic device; gravity-dependent 
measurement easily replaced by forced- flow I 

technique 

Typicoi of commercial-type electronics 

Typical of commercial-type electronics 

Typical of commerciol-type electronics; poor sult- 
abitity for Spocelob use 
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Table 6~lt Equipment Listed By Technical Importance (Cont) 


Type 



Tlmtr 

MIerotamc 

Power Supply 
Power Supply 


Manufacture r/Model Na. 

Rationale 

No preference 

Typical of commercial- type electronics 

Americol Opticol, 
820 

Unit is interesting mechanico! unit with major 
safety ond operotlonol problem; downgraded 
becouse It h no longer Identified as heeded for 
the life science sortie mlislon 

Power Detigni 

NtM bin power supply; t^ical electronics; need 
Is dependent on Spacelab power supply 

Sorenson | 

Typical of commercial-type electronics 


UNITS WHICH CANNOT BE COST EFFECTIVELY MODIFIED FROM AVAILABLE EQUIPMENT 


Dewar 


No preference 


Two-phoie fluid containment requires rtew 
development 


Refrigerator 


No preference 


Zero~g refrigeration cycle requiret new 
development 


Blood Cell Counter 


Coulter 


Totally gravlty^dependenl with hazardoui 
design for Spocelob environment 


L 


The dewar, the refrigerator » and the Coulter counter were not Included on 
this list because each unit could not be used In Its available configuration 
even if It were modified. It has to be custom built and is, therefore, out of 
the scope of the proposed test program. 
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Table 6-2. Equipment Types Ranked According to 
Spacelab Experiment Program Savings 


Spectrophotometer 

Spectrum/Wave Analyzer 

Receiver /Transmit ter 

Gas Qiromatograph 

Keyboard Display Terminal 

Strip Chart Recorder 

Tape Recorder 

Furnace 

Oscilloscope 

Computer 

Laser 

Particle Counter 
Uroer 

Electrophoresis Apparatus 
Amplifier 
Micros cope 
pH Meter 

Digital Voltmeter 
Power Supply 
Centrifuge 
Microtome 
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Table 6-2 was screened; items were eliminated from consideration for the 
following reasons. 

1. MSFC has already obtained the unit from the Beckman study and 
need not procure an additional Item. 

2. Current Spacelab documentation indicates that the unit will be 
included as part of the Spacelab. Therefore, the Europeans 
will be testing this hardware and MSFC need not expend their 
funds for duplicate testing. 




I 


i 


I 


3. The unit is similar to previously selected hardware. Test data 
for this item would add little information to the previously 
selected unit. 

4* Few of the given type of equipment are required by Spacelab 
experiment payloads . 

Table 6-3 lists each item and indicates which of the rejection reasons 
justified elimination of that item. 


Table 6-3. Equipment-Type Rejection Rationale 


Item 


■ftpoGtrophotomcter 

Spectrum/Wave Analyzer 
Receiver /Transmitter 
G as Chroma t og r aph 

Strip Chart Recorder 

Furnace 


Laser 


lifTier 

■ lb X O C C. IT O pri O JTC 3 19 AppOlTCttUa 




‘■'Uxgl. USJ*' TOALlltCtICl 

'"Pdfer — Supply 

t.eiiLmugc 

Microtome 


Rationale 


Beckman study equipment 


Spacelab core hardware 

Sp ace lab co re hardware 

Beckman study equipment 
Spacelab core hardware 

Represented by spectrum analyzer 
Spacelab core hardware 
Major zero-g development 
Spacelab core harch^;are 
Issues represented by laser 
Zero-g development* low savings 
Beckman study equipment 
Sp ace lab core hardware 
Low program savings 
Low program savings 


I 







I 


I 


i 

j 
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I 


i 
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6.4 PROCUREMENT RECOMMENDATIONS 

Tl.r* final aqj-tptnnnt ‘s<^lecri->n recommendations are presented In Table 6-4. 
Equipment type, manufacturer, issues represented, the predicted magnitude of 
the first-unit savings and the quantity of each type of hardware predicted for 
the Spacelab program are shown for each selection. 

Table 6-4. Procurement Recommendations 


TYPI 

manufacturer 

ISSUtS REPRESENTED 

FIRST-UNIT 

SAVINGS 

sSIOOO) 

QUANTITY 

bPCCTRUM 

analyzer 

NUCLEAR 0\IA 

NIM PACKAGING 
WISE-WRAP CONNECTIONS 

4IS-j^0 

SB 

RICE tv EK 


AIRBORMF EQUIPMENT 

1.50040 

62 

GAS 

chromatograph 

BECKMAN 

PROCESS-TYPE INSTRUMENTATION 
CHEMICAL ANALYSIS HARDWARE 

3SS 

55 

STRIP CHART 
RECORDER 

HONEYWELL 

fIBEROPTICS, PAPER 
.VELL SUITED TO SPACELAB 

035 

56 

FURNACE 

ASTRO 

HIGH TEMPERATURE 
WATER COOLING 

42S 

20 

LASER 

NO PREFERENCE 

PRAGILE OPTICS 

SENSITIVE ALIGNMENT PROBLEMS 

I3S 

39 

OSCaLOSCOPE 

HEWLETT-PACKARD 

MH-5PEC DESIGN (ARMY FIELD USE) ' 

COMPARISON WITH COMMERCIAL 
TEKTRONIX 

115-290 

26 

DfG»TAL 

vriTMFTER 

FLUKE 

MIL-SPEC DESIGN (SUBMARINE) 
COMPARISON WITH COMMERCIAL 
FLUKE 

i7-25 

2) 


The list represents a composite of the cost effectiveness and technical 
comparisons. Units of significant interest on Table 6-1 were selected if they 
were not eliminated by the rationale described in Table 6-3. This approach 
placed emphasis on defining selections which maximized the information return 
for as low a cost as possible. 

The top six units are the units selected by the analysis in Section 6.2. 
Review of the characteristics represented by these units indicated that no 
Mil-Spec units had been selected. Therefore, two additional units were Included 
to provide such representation. 

Two Mil-Spec units were selected rather than one for the following 
reasons : 

1. Each unit is representative of a different class of military 
specification. One unit is built for army field use, while 
the other Is built for submarine use. 

2. MSEC already has commercial counterparts to these units and the 
results of comparative testing should be very informative. 
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3. These units are typically found in all laboratories so they 
merit having some additional samples for testing* 

Manufacturers identified are the same as those examined during the study 
so that correlation of test and analytical results can be obtained. The laser 
Is the only exceptiotk. In the opinion of the study team, similar conclusions 
can be obtained from testing of cheaper units than the $10»000 Sylvania CO 2 
laser examined during the study. 

The list of issues represented shows that selected hardware satisfies the 
goals of the originally defined objectives. All units require some modifica- 
tion. It is strongly recommended that these modifications be accomplished 
prior to testing. A test program without hardware modification will not verify 
the study conclusions. The most complete test program would purchase two units. 
One would be modified and the other left unmodified. Both units would then be 
subjected to the same testing program to verify the effectiveness of the modi- 
fication program. If funding is not available for two sets of equipment, then 
modified hardware should be tested. 
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7.0 PROGRAMMATIC SAVINGS 


Sections 3.0 and 4.0 Indicated that it is cost-effective to modify 
commercially available equipment and instrumentation rather than procuring 
custom-built hardware. Tlxis section discusses the potential savings that 
could accrue to the entire sortfe experiment program if the savings on the 
selected equipment items are extended to the program level. All extensions 
apply to the segment of experiment equipment installed on the Spacelab which 
does not require functional modification. 

7.1 PROGRAMMATIC EXTENSION SCENARIOS 

The extension of specific equipment costs to the program level is 
dependent upon the scenario assumed for experiment equipment development and 
replacement. Dependence on hardware developed in other manned spacecraft 
programs could reduce the cost of custom-built hardware significantly. If, 
on the other hand, Spacelab experiment hardware and supporting equipment 
requirements are unique relative to other space programs, new developments 
will be required escalating the total cost of the experiment program. Equip- 
ment replacement rates establish the number of sets of equipment required 
by the program. An infrequent rate of equipment replacement would reduce total 
equipment costs. The definition of new laboratories during the "Shuttle: Era" 
would affect both the equipment replacement rate and number of new develop- 
ments required for the program. 

Figure 7-1 illustrates the scenarios analyzed during the study. Two 
extremes of development commonality vrere assessed. Maximum commonality, and 
therefore fewer new developments, with other Space Transportation System (STS) 
hardware was examined. The other extreme is represented by examining the 
cost of all experiment equipment if each equipment type required a new 
development. This latter case is unrealistic, but it indicates an upper limit 
on the savings that could be achieved by using CAM equipment Instead of 
custom-built hardware . 

Replacement rate alternatives are also shown on the figure. The five- 
year-life study guideline for replacement of equipment was applied in both 
cases. Exceptions were made for a few equipment items which either have not 
experienced rapid technological change historically, or would not provide 
Increased experiment benefits II improved items were used. The microtome is 
an example of a unit that has not ejqjerienced rapid technological changes. 

Its current design is essentially the same as the design originally developed 
in 190.'’, Certain support equipment not directly related to experiment equip- 
ment may not need replacement if increased performance requirements do not 
change. Power and weight considerations may, however, still dictate change- 
out of these units if lighter weight, lower powered units should be 
developed. 
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SELECTED 

ITEMS 


STS 

COMMON 

DEVELOPMENTS 


DEDICATED 

DEVELOPMENTS 


COMMONALITY 

ASSUMPTION 
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CLOUD 

PHYSICS 




5- YEAR REPLACEMENT 


G T "O'* G ^ / “O" G ^ 
CLOUD CLOUD CLOUD I 

^PHYSICS J PHYSICS PHYSICS J 


f^'O" G ^ f 
CLOUD 

I PHYSICS I I 


NEV/ 

LAB 


D 


NEW PAYLOADS 


REPLACEMENT RATE 
ALTERNATIVES 

Figure 7-1. Programmatic Extension Scenarios 

The study Is based upon the payloads currently defined for the Spacelab. 
New laboratories will most probably be identified within the next few years, 
and most certainly will occur when the sortie experiment program gathers tnomen- 
tutn in the 1980's. The Zero-G Cloud Physics Laboratory cannot be the only 
earth observations sortie laboratory. Also, the equipment complements identi- 
fied for the currently defined payloads will change as Spacelab operations 
progress. The second replacement rate scenario assumes that a new equipment 
complement will be identified for each discipline every five years, either in 
the form of an entirely new laboratory or changeover of an existing laboratory. 

7.2 SAVINGS PROJECTIONS 

Projections of custom and modified equipment coats were based upon the 
relationship of all equipment identified in the functional requirements data 
bank that do not require functional modification to the selected equipment 
items. These relationships are explained in Section 4.0 of Volume III. The 
quantities Identified for each equipment type were grouped with the selected 
equipment item that it most closely resembled. The modification and custom 
costs associated with each selected item were assumed to apply to all items 
similar to it. Total costs were arrived at by multiplying the total number of 
similar equipment types by the custom and modification costs associated with 
the related, selected equipment item. 

The total cost for a given equipment type Included the development costs 
associated with each unit having different functional requirements and the 
recurring cost of the repeated procurements of the same hardware. Development 
costs for the custom and modified hardware are shown in Section 3.0 of this 
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volume* Becurirlng costs for each custom-built unit were estimated, based upon 
the relationships of development and recurring cost CER's (explained In Figure 
3-31). These costs were adjusted by assuming manufa cturi n g .lot sizes consistent 
with equipment quantity needs of the program. The cost of each lot was reduced | 

to reflect learning curve affects. Recurring costs for modified hardware i 

Included all fabrication costs, but only Included 25 percent of estimated engin- j 

eering and documentation costs to provide for changes occurring in available i 

hardware over the years. Custom-built hardware designs were assumed not to j 

change when repeat sets of equipment were required. Available hardware can | 

t^e advantage of technology changes without Impacting costs, while custom- | 

built hardware would have to be redesigned, incurring additional development I 

costs. Conversely, custom-built hardware could be designed for a longer life- t 

time than five years providing some programmatic savings by reducing recurring 
costs. 

All modification costs assumed application of the SEEIR specification for ! 

equipment modification. Modified hardware costs would be higher by a factor of 
2 if the EC006 specification had been used. The total cost of modified hard- ; 

ware would be $42.4 million If only one set of new developments is required, j 

and $68 million if a new development is required every five years if this 
specification were In force. A slight reduction in the programmatic savings j 

would result from the use of these modified hardware costs. | 

Figure 7-2 shows the equipment cost expenditures by year for each of the | 

scenarios. All costs are assumed to occur in the year prior to the year the i 

equipment is scheduled to fly. The areas under each curve yield the total | 

programmatic cost. All costs are in 1974 dollars. If the costs were in actual i 

dollars, the savings would be much higher. The higher funding costs in 1979 i 

and 1980 on Figure 7-2 (a) and (b) result from initial hardware development. [ 

These peaks could be impacted by funding needs of the Shuttle program. The S 

peaks could be lowered if the hardware development were spread out over two or j 

three years rather than occurring in the year prior to flight. Lower funding j 

in subsequent years results from only incurring recurring-type costs after the | 

initial development. No funding is required in 1982 because no equipment is \ 

needed in 1983, assuming the five-year replacement guideline. | 

Figure 7-2 (a) and (b) depicts the fimding requirements if no new payloads i 

or equipment complements occur throughout the program. The $230 million saved 

is the lowest possible savings that could result from the use of CAM equipment 

rather than custom-built equipment. This savings increases to $510 million if 
unique developments are required for all Spacelab experiment equipment and 
Instrumentation. 

Figure 7-2 (c) and (d) reflects the programmatic savings if new payloads 
or equipment complements are needed every five years. It is believed that the | 

nearly $400 million savings shown on (c) is closest to the real world. The I 

savings of $1.2 billion shown in (d) is an extreme case and very unlikely. It 
is shown only to provide an upper limit on the savings that could be generated. | 

This cost indicates that every effort to use already-developed hardware should f 

be made to lower Spacelab experiment costs. | 
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TOTAL CUSTOM EQUIfMENT COST )252.t M 

TOTAL MOOIFIB EQUIfMCNT COST 1 22.4 M 

SAVINGS 1230.4 M 



)a0tlt3nS4 85 S60T 88 89 90 


CALENDAR YEAR 



R80BIB2 83 04US4S7SSe9«0 

CAUNOAR YEAR 

Figure 7-2. Programmatic Cost Comparison 
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TOTAiCWTOM fCRNFPMENT COIT I431.3M 
lOTALMOPIFtB fQMFMINTCOII I UAtA 
SAVINGS I3M.7M 
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(c) New DevelopmanI Every 5 Yeori 
Maximum Development Commonality 


•3 M U as V 

CAUNDAIt YIM 


TOTAL CUSTOM EQUtFMENT COST SUSf .• M 
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CALENDM YEAR 

Figure 7“2i Progrananatlc Cost Comparison (Cont) 
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8.0 CX)NCLUSIONS 


The following major conclusions were arrived at during this study. 

1. The use of coinnerclally available equipment in the >Spacelab 
is both fea ble and cost-effective. Sortie experiment 
program savings achieved by the use of CAM experiment equip- 
ment are between $230 million and $1230 million In 1974 
dollars. These savings are dependent upon the development 
commonality and the equipment replacement rates assumed. The 
most realistic scenario indicates a savings of approximately 
$400 million. Further savings may be achieved by using avail- 
able equipment for pallet-mounted experiments. 

2. Between 55 and 65 percent of the equipment defined by all 
the recent Shuttle sortie payload studies can be accommo- 
dated by CAM equipment without functional modification. 

A more extensive search of supplier data may Increase this 
percentage. The cost savings reported In this study apply 
only to the equipment Items that do not require functional 
modification. If this quantity of equipment were Increased, 
greater programmatic savings would result. 

3. Modifications to a specification compatible with the use of 
coninerclal equipment will add approximately 4 to 8 times the 
retail cost to each Item. Modification to a typical aero- 
space specification will add frasi 10 to 18 times the retail 
cost to the Item. However, custom-built hardware Is an 
average of 36 times as expensive as the CAM unit. Tlierefore, 
no matter which specification is In effect, It is cheaper to 
used modified available hardware. These savings occur because 
the functional aspects of the hardware do not have to be 
redeveloped to be within a cottpact envelope, meet a minimum 
weight or power target, or be compatible with a different 
pcwer form than used In Its original design. 

4. A specification compatible with the use of commercial equip- 
ment can be written which is cost-effective as well as 
technically sound and compatible with crew safety require- 
ments. The use of commercially available hardware .obviates 
the need for many typical specification requirements which 
are formulated because order lot sizes are small (sudt as 
configuration control on replacement parts). Also, CAM 
equipment has prior operational experience, reducing the 
need for performance verification testing and reporting. 



SptetpMiion 
Rod(well NemaHonal 


The most cost-effective nodlfler of the equlpuent to 
Spacelab speeifl'cations la the original aanufacturer 
of each Item. His knowledge of his own equipment and 
Its inmedlate availsJiillty from inventory, make the 
original supplier both a cost-effective and timely mod- 
ifier of his equipment. 
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iCiM »*4TSici 

cisftAv cur iMufftOt/oitfLAv ccutoLii scg«t iiiii 

M0V401S OlSfiM CAfAilitTt IhCitOtM AiNlAMIPiAICii CVhUIC 
SIAIIC (llArHICS. VCCtOU. CMCUS. AiC MiClAi SYAKil. IWUfllS 
UfLKlli^R AJiO kicito AAPtlMtllt MC Afflbl«IO AdMIA SUAAtlUa 

KAHN SU( IA lA IQiHS HI 

StiWl dINfiMtCA tNM ttONtMi/filfAiAY CCAKLCI KCCI IIIU 

fiovtots yiOAS AAC CCHPLfiA DATA lAtiAAACi fO IHC CM 

CtiAMMfLS % . . 

fOAHAf ytOEO AHA OAfA 

WtQIO IfiHUt PAiSlHUfldH •••«. PA$ICA fCAA 

SViiHt MAirWfi StACH 

lAIUtrACi OEKAIAIIOH 016llAt--iA-«I4 CATAkCPE 

fUACtICM AtViWAAC W6CI UlU 

AiiCoAJiCA BV CAEkHM K CfiHHCuU f AfiBtHtMS AliO KiSTSf lHS iNfC 
ClilAiC OACHAIIm HCKiiS* 1HESE iJhCLiOl UiltIlOH CF;^CAfI«AV« 
fUKf ICA* HiDOEf STATkl AHO COAHON BfVNAAA fUHCIIOAS* 

stvtoAAc miBAivH mt 

iNTfArACA fiiiCAifriCN eifiiTAi-iA-iit homc 

AkPMAMWHlC AAVICAAC 

AlLOHAHCC By CAibHAN 10 COHHUHICAII WITH M CftSOARO COHHiTfA AUA 
fiAIAlHEAl CONIHOC ANC CAfA Alklty|ll« 

KETBOMO lyPEliHlUA IVPE 

iHfEAAACF DESCAIPTIUi •••••«•• tJfilTAt-U-ilt MWD 

PICAOMLR VtCliEA KOeS It ill 

AlCVIOiS RCAO-CHiyt PHOCEOUAAL-rvAt OATA PflA iAPEAlHUtl AHO 5UB* 
StSlEH OPEHAflOHAi AAOCEOURSSi CHHAAC CHCCiOUt PHOCEOUiiSs 
SIHftM SCHfHAftCi AHC CTHEA ilAITllH OA PUWIAl IHfCBPATIOH. 

P IlH FOPMAT U PH OlJAi TAACP 

PliH LOAOINO CAliTfE 

PlLH SLfHlAC HAiibAi AM KHiMEP IfifCT 

iHTEAPAiCE DfKAlAMOH ....*«•* 0101 1AL ii!-Blt IlHAAV 

tIPEA - EVEHt KOCA lllll 

GKITAi 01SPLAY Of tlPB AENAIHIM CA EAPEHOfO iOA A PAAIICtliAk 
CVHT« rtNiA CAPAIU CP count IM 41# OA OOHH AHO MOVtOiS ClACHITi 
illAT MO lYO# COHHANCS IHIHOTCB AM) liCCHOfI* 

OIBFCAy A OlCtft 

OUPiAV 1T#E iCO 

IIRH - HISSICH KOtf irm 

PAOVIQEB TIMA AfPEAIMC IH OAACNHlCN Hi AM TJAi PITH i SlCOHO UP- 
GAVE MAIMTAIMEO UtA OATA HAMAOCHiHT tO^tW * OAfeMOUAfPIliUri* 
SiCOHO. 

ClSPiAV T OICITS KO 

DisPtAY type uo 

CCHTACLLEAf ThAEE-AAlS HA MU UOOi 11 IH 

THUtrAJlIS nUATtPUlCTICH HAMO CIWTAOtUA PiOPlDlfi POP IHBTAUHEHT 
POlAtlHfi AM) tNVUAi TAACET ACOUliitlON. 

cohiaolleo Apes J 

ClACUll AHEAIICA/0IS1AIBU10H PAHEL tOOAB lllSi 

CfATAAL LOCATIOH OF CIACUH BAEAAEAS AMD POHE# 0JS1AJBC1I0N TO 
TMli ITaHOAAO IfiHl PCUMD IN AiL AITAOHOAV fAPfAIHibtB* 

UACUII AAtAAfAS lA lACM 

POHBA 10 AAPI 

IHOICATOAI-CAUTIOH AMD BAPHtMO SOOIC IIIIJ 

A AIDUMOAMT iKiATAO StBliH HMICM ACHllOOl AHO OITIS MAMHfi CP 
SLItVMfM AMD lAfiAtHEHr tOUtPMAilt PAILUAI AHOPOA AA1PUH(TU». 

IHOICAtgOS 40 

HAS VIA ALARM HfAflpy 

POMti/tEtT CDHTADLS 

PlCOAO^TAPi wall lllll 

AiCOAOlHO OF SiLEClEO PAAANETlAf OlKUyEO CM THE COHfAU. AHO 
OISPI.AT COHSOLi. 

AAHOHIOTM CC TO 100 AMT 

CHAHHfLl lA 

TIME HAAlS tOOf VAACA 

AICOHdlO WHAT DICTTAL 

AHHUMCIAniAirAOyiiOAT UOU lllU 

DUAL AAHMi HDUHTIC CH CCMTHQt/OI SPLAT COHKLI PAOVtOlHC PlSUAL 
ALEP1 CUE HAEM A iOH PPlUAtM HALPLACIIOH DCCUBS IH AHT OAiOAAC 
SHPEAIPEnT OA CTNIA OESICHATiO AOSU.E SUASTSTEH* 

U IH DUAL OAMAI 

MED* HMITI* CAilH 

MCAM 



ARHUIC IATOH-TI lUAl 
OlfPLAV iTPi 
AHimiiciAfOA-ptcio 
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«tPC^yi>taii M Sr4Cfc PH^llCS 

iccp TK cisPLPf ppiCi luu 

CI&PL*? Pfr'UltIP Ht&OUf tCP t£LE»ttlCP GP MPMfoirhl GCC# »CVl1KPt 
AIFqPtt Cu-INt. «*ii Afftri iAin ilPtNUfhT UAMIUCA* 

Pe^CiunCH I2i LiKtS 

FttAit AAFi U FGAPEi/^eC 

•AliiCHiGfF VHf «AHGf 

EAPEPlKENf TV CISPiAV APtOa UIH 

Cl;^PiAV PIGF Mt&CLUliCA tCLfeVISlUl PICT41IIES CF AUA& Of tAT€«Eirr 
IP P£PL TIME QM FHUM VIOfG RlCGHMEftS PI VP*IOO& SRCCOS. 

PE&CLUTiaP.*****.*.^* ••***«««• »3$ UPAS 

FPAPE ftAlE«.« It Ml 

HAhCttlUtF LHP PAPGE 

iPECTPkP AhALTZkM APGCJ AUll 

PEASURE FAEUUEPCV. PEPlDDf PtLTIPLE PERtGD AVEPACE MIlG ARO 
pitniPtE PAiiib GF vAkiaci FPcwGiiCT tCGMiti. 

AANGtilOlP 20 Nl TC AOO AHt 

^ENimVilV ic RARCVCLTS 

ACCgpalt 0>A Gs 

PLLTI7CMMPEL AKAITIEP AMCA IIIU 

MEASURE PAEUUEiiCV. PEMICC. MttllPlE PiMlOt AVERAGE RAMC ARG 
PUETiPEE PAMU UF M LET 1 PEE fREGUENCV MURCCS ilPUE TAREClLtl V« 

GAMCmICTP . ..••.*«.*• 0 tC ID PPi 

IlME RASE 300 RMl CLOCK 

MEMGRT SUE IGAA« AQUt Rlt2 CMRARELl 

RAVE ARAEVIER APRD9 lliU 

CClfCTlQN OF SIGNAL ARPLlfUGC AND FREGVENCV |l|fUMNAriCN 

RANCMtDTF IC 1G ACO RHl 

fRECUEhCT KElOLUnCN 10 til 

SEhiinvm s lit tc is t pt 

charnels a RIRIMUR 

RAVE ARALfAER APtCt IIIU 

CtTEAMlNE .StPARAlE ARC ANALVAE pARICil FHEWIERCV COMCKiRll LF 
IRPUl SIGNALS HE FUNCAPEnIAL* MARRCRIClt IRTERPCOUL AflCR POCr 
CiCTS. ITC.i. 

■ANCrIUTN 1 KHl TO 1,1 PNl 

FPECUENCT RESCluriLR */- 1*0 t 

SENmtVtIV 10 PV tc IOC V 

CHANNELS a RINIPNM 

PATCH PANEL* CCL»IAL ARiQI Allll 

NCLIi^LE JhPNT PAREL CAPABLE GP CHARRILINC HIGH PRtGUiRCt RP 
ENEAGV TC APPACPRIATE IRltKiiPERtS RllH MiHiPLP LC&l AND tRUR- 
fEAENCE* 

FREOGERCT CCUNTCK APRGR Ulli 

CIMECT PEASUREPENT OP FREOOENC.t ANG/GR SIGNAL REPEUTICR AATf^ 

RANCalOTH G TC 31 RNl 

SENSITIVITY ID P« RPS 

TIME RASE iGORIil TO ID PMl 

ALTGMATtC 01 SPLAT CENERAIUR APRGf Ulli 

AROVlOfS 3L CIlPLAt 

CJPiRA STILL APAIO lIlU 

RECCRO iXPERIPEKI PhCROMiRA 

fILR SHE * IMP 

SPUTTER SPEED.*. 1 SEC TO 1/100 SiC 

A*T RECORDER APOII 31111 

REAL-TIME ACCURATE RCPRQ0LC1ICN CP SPECTRAL CATR iCURCfS PLOTTIO 
CM CARfilUN CCORCINAIES* 

CHANNELS I 

ACCURACY •/- 0.3 S PS 

RtCORGfR - STRIP CNARt APRU 31111 

•tCORU *«APt CURT GATA FftCM LCR FRECUERCT ANALOG •RVElT IGAIIORS 

PREGUINCY RESPONSE DC TC ISO H{ 

CHARNELS EtERI* TIPR* 3- GATA 

ACCLRACT */- 0*1 PCT 

RfClMOlR - STRIP CHART APBIl Jllll 

RfCOtO HARD COPY CJTA. 

CNARNILS.*********** I 

TAPE RfCOROCR ~ ARALQG APRIL Ulli 

MCURD ANO PlatRACK OF ANAiCG DATA IN SUPPORT DP RiPOSPNSRIC ARC 
iPAGf PLASMA PHTSICS SORTIE LARQHATCR1 iNtCStlOAr f ONS* 

■AMCMlOTP « RHX 

GHAMieLS 

HECCRDISC PCRPAT FP 
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CSCILLCSCUPR APali 31 U1 

PtNl-TGRa MtrASLjHfe ARL I^AlRiath UtLtPCRlL twUlPPLM CPIAAIIm. 

AAR4.»ICTH YLC ►W 

LtiARNlLi .*..•••••••«••*** t >* * 3 

CmfCIILR PACIO . **Y 

PhCIUURAPhIC LAPAtollltY ....** tCY 

CAPENA.SriLL *P«4 

PCLANUIG CANEmA TO PfCCRC TAACLS OR OSCiLtCSCCir 

PILP FORMAT fCLAPClC 10/ RLACR/hhIK 

3*3 SAL, 4 MR t (t3 * ISRIGA.GIPH ) 

LEKS MPP F3.S TC P23 

SHLIILA SPtECS*.**^ R 1C i/AC SfL 

FIELD OF *0 CCGREES 


lAFE RELORClK ClilTAi 


APAIT 21111 


PICCALINC ANC PLAYEALr. l> jICIUL CATA LLPFAIABIF blt*^ A»Y CR- 
KUAttp- COHPLTIRL ECUPPfcLT. 

eARLRlTF 3 pH/ 

charnels E 


i C fC 4 fcOC OIUllAL 


CCPPtUR 


AFA 18 

31111 

LtPFLiER LAPAOILIIY tC SliFPLtM AIPCSFHkPlC 
FFYSiCS INVESMCAUUNS* 

ANC SFALE PiiSPA 


aUPC SJ/E .•...**.*.***,,,*.*. U till 

IP/CP MEMORT TaaNSFCR*. •«••«*« lEtLE-^lA fall aCROS/SEL 

CORE PEMCRV ] 3 E*C 3 aCPDS 

lA/CP channels 4 S 




APR LG 

Ulli 

CENcRAL AURPCSE IN PCT REYPOALC ALLCrIRL FCP 
INFUT ANL LACATI. AND LATA PANlPLLAt ICR FCR 

PPCGkAPlRC* CATA 
CNBCAPC arAltSIS 


S TAILS PANEL 


APR 2 C 

IIIU 

CISPLAT team INAL fetlHLLf AtYAUAHC PACvIDlNC 
lURCTICNl 

STATES 

CF EPFEAIMERT 

SPECIAL CATA AtOLUillCR PANEL 


APiik 

A 1134 

3 ATTEAY CUhtMOL ARC HCRITOH 


APD 3 T 

11114 

camera - LINE 


AP«/G 

lull 

TIME CCDt CENEftAlOK ARC Cl SAL AY 


AP 412 

Ulli 

AtCbPAlE FPEOUENCYt UpE INTER YAL ARG T|PE 

KCEflNC 

cAPAeiLinit* 

DuTPlTS,*. .*,..*■■***'■■****'** * ICG RH 3 • 1 PFi* 
aCCLMalY St-ic PARTS PLK 

1 PH/ 
DAY 


PEMCTE SENSING PtAlFCkP GIHBAL LCrIACL 


APAJ 3 

11134 

ALV NUNPAL INCIURCI SPlLlPLPfclEP CCRTPCL 


APRJ^ 

11 114 

L^-YIS-N|H SCAhNtRG SPEC 1 UOLIEH CCMtCL 


APR 3 S 

mi 4 

MlH KESOLUTIlN PCumIEH S» 1 P SPELlPCPLlfeR CCRIPU 

APA 34 

miA 

CRYCGLRIC tR FULRlEn SPfcCTHLPtlEtt CCRiaCL 


APRiT 

IIII 4 

IR RACI 0 PE 1 EA CLNIPCL 


APR II 

nut 

FASME-PEKOT iNTEafEMCPLUP CCRTALL 


APR» 

11114 

UtaViS CCCUHtNTATILR CAPiMA CLRTPCL 


APRAO 

IIII 4 

ELCCIPCSTATIC analucm lgrtpcl 


APR 41 

1 III 4 

PACNETIC ANALVifA CCNiRki 


Aii 43 

ltl |4 

aE«'>MEV PARIICLi CLItCtOR CCNTROE 


APR 43 

HIM 

1 CIAL ENtPCT CLTtCtCR CCNTPOL 


APRA 4 

SIU 4 

ligar arc umral PLAIFLAP MCRMOR 


APR 41 

1 I 1 J 4 

IRARSMmtP ^ C .2 TO i.C PHI 


AMCl 

lllll 


tPPlARLE RAGIC FRECUERCt CENERATICN ARC IRANSPISSIGN. 

fPELUlNCT - C.3 1C 3.C AHf 

TMARSPITTER PQPEH U KM 

IRARSMITIER - 3«D to 2C*C Mm| A/PD/ 11111 

VJAIASLE KAOlO PRILLENO GERfPAllCR ARC 1RARSPISS1CN* 

FRLCULNCT RANCRICTf 2.G 1C 3C«0 PH| 

IRARlPiCTEP PQMLA ***••**,.... IC K» 

TRARSPttTtH - D.J 10 3LC SH/ APtCJ HI U 

VARIASLE hAOIO FKIGUERCY GERERATICR AND TRARSPUSlCR. 

FAELOENCT RANDRlCtY * C,J 1C 2CD.0 «H/ 

TKARSMlTtEH PORiil *****..«*•** UD Ka 

ELECTPCSTAUC RAVl TKARSPItTfR APRC4 11114 

ClUPLER - ANfiNNA ID*/ tC 3*0 RHJI AARON ItUI 

ART IRMA 10 TaAA SMI ITER IRTERFaCE ALLCViNfi FCR PlRIPUA RF iCSI* 
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f«feCU£MCt 0.2 TO 2.0 MM2 

CCt^LlM - ANfCNMA 12.0 TC 20,0 MH2I AM910 Hill 

AMIIMMA TO fMAASMIITEM IMTEAPACE ALCQ»1A(. ECU MINIMUM ME iCSS. 

EMECUfNCf aANCMlOTE 2.0 TC 2C.0 MH2 

COUMlER - ANTENNA 10.3 TO 2CC KH2I AM91I tliU 

ARIENNA TO TRANSMITTER INTEREACE AHflhlNC EOR MINIIHIR RE LOSS. 

EMECUENCt 6ANDN10T*. C.l TC 200 KH2 

BANOEASS EILIER - kAVE ANALYSIS AE912 2IIII 

CkTERMiNATlCN CE EREGUENCV ANC ARELITLOE INEORMATICN ARCUT THE 
CARRIER AND SfCEBANOS* 

EREUUENCY NANCE 300 h2 TC 20.0MM2 

ATTENUATION 7$ OB 

ACCLRACT »/- 2 t 


PULSE RAVE ANALY2ER* C.a. MOOES 
EAICH panel 


APN13 

AP9IA 


iim 

9IU1 


INTEREACE CONNECTICNS CE VAPICUS RE RECEIVERS NiTH SELEC1EC TEST 
ECUIPMENI EOR kAVE ANALYSIS. 


AMPLIEIERS > kAVE ANALYSIS 
EREUUENCY STNTEES12EM ' kAVE ANALYSIS 


AP919 

AP91* 


21111 

21111 


IRANSlATICN OE a stable EREGUENCY CE A precise STANOARC TC ANY CE 
A SELECfEO INVESTICAT tCN REGUlREMENl. 

ERECuENCY BANOklOTE 7L 13 MM2 IN S RANGES 

ERtUOENCV NESOLtTICN C.Ol TO 10 RH2 

ERECUENCY stability If^CT PARIS PER CAY 

main iccm a CCNIRCL 

PLATECRM BOCM A CCNTRCL 

PAIN BCCM B CCNTRCL 

alignment tv CCNIMOl 

GIMBALLED PLATECRM CCNiRGLS 
9R BCCM CONTMCL 

BOCR A PQhEA supply G CAIA SYS CCNIBCL 
BCCM A TARGET CCNTRCL 
ACCEL-CECEL CCNTRCL 
DISCHARGE EILAmENI HEATER CONTROL 
cischarge potential CCNTROL 
PLLSC SEGUINCE ( VURST LENGTH CCNTRCL 
LAS SELECT JCN L PRESSURE CCNIRCL 
NfUTRAlUER EMISSICN < BIAS CCNTROL 
CHARGE EACHANGE CHANNEL ACTUATOR CCNTROL 
lEAk CURRENT RCNITGR 

ELECImCN beam VCLTAGE. current heater CCNTROL 
ELECTPCN BEAM BURST LENGTH i MAGNITUOE CCNTRCL 
ELSCTRCN BEAM EAPANSICN lENS CONTROL 
electron beam CURNENT MCNITOR 
PMASEt angle* CURRENT MCNITOR 
MPC ARC VOLTAGE LEVEL CCNTRCL 
MPO ARC BURST CURRENT CURATICN CCNTRCL 
MPC ARC PULSE SEQUENCE 
MPO ARC BEAM CURRENT MCNIICR 
GAS SELECT lUN I PRESSURE CQNIROU 

spherical ion probe CCMIROL 
CYLIMORICAL ICN probe CCNTRCL 
PLANAR ELECTRCM PROBE CCNTBGL 
SISRENTEO planar PRCBE CCNTROL 
CiP. SAT. INSTRUMENT CCNTROL C HCLjEREEPINC 
OEP. SAT EJECT tCN MECHANlSN CUNTRGl 
PMOTOMITER HIGH VULTAGE SUPPLY CCNIBCL 
PHC10NETER ARPLiPliRS CCNTROL 
<V SYS CONTROL * IRAGE INTENSIEIER CCNTROL 
CANNISTER EJECTION CCNTROL 


AP911 

11134 

AP4IB 

11134 

AP419 

11134 

AP92C 

11134 

AP921 

11134 

AP922 

11134 

AP923 

11134 

AP924 

11114 

AP929 

11134 

AP92A 

11134 

AP927 

11134 

AP92A 

11134 

AP929 

11134 

AP9I0 

11134 

RP93I 

11134 

AP932 

II1I4 

AP9JJ 

III34 

AP9J4 

11134 

AP9S9 

11114 

AP93G 

11114 

AP9J} 

11134 

AP91B 

11134 

AP939 

11134 

AP940 

1IIJ4 

AP941 

11114 

AP942 

11134 

AP941 

11134 

AP944 

11114 

AP94S 

1IIJ4 

AP9SC 

II1I4 

AP9S4 

1I1J4 

AP9GC 

11114 

AP9N1 

11114 

AP9A2 

11114 

AP9E3 

11114 

AP9E4 

11114 


PMCJLCIILE CAMERA CUNTRUL 

AP9tS 

11134 

LANNISTER MUNITUR 

AP444 

11134 

SHAMED CHARGE EjECTiCN CCNTRCL 

AP9CI 

11134 

SHAPCO CHARGE MCNIIOM 

AP4AA 

11114 

lALLOCN EJECTICN CCNTRCL 

AP949 

11134 

CAS CONTROL SYSIEP 

AP970 

11114 


ORlGINAIi 
OP POOR QUAIinj 
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CAITN C0SCAVAIICNS 

»-t«r t>(.HAN(*Ell ECOOl tlWl 

EaC»<A':(EII ro ^KuHSUH ffcAl FKLM 7»«E ClCU) FhT&U^ I *6 fC fliE 
SF«CCL40 xr«l RlUilirri SLBSVSfEf* 

l-EAl RATfc... i«S ITU/HA kAlTS TFfBPAL I 

SFACILAB Cl^UiAfil IhtET TEAH...AJF 4«CI 
CFL CCCLANT CCUtI TEM 49F IICJ 

FEAT ilCFANCER ECOOl IIUI 

FACVlOE HUI FLblC 10 CFL 

CPl COCLAAI CLTLET tERF iflOF IlfCI 

HEAT RATE (ESI).*.** ITCBTL/HA ISO RAITS THfBRACJ 

FESEAVCIA ECOCI mil 

S1CAES LUOLANT. 

FCRF ECOCI lim 

FtFF CQCIAM IK CPL CCCLAK. SOBSVSIEM 

FiOK AAUIESIJ 4CLBS/RA liCOCC/RlM 

HEACIESTI 1 FSl IA.0EOJ K/F2) 

lEPFERATUAE CCMRCLLlR ECOCI 11111 

CCKTRCLl CUiCAKT lERPfcKAItHE 1C CCMACC CHARBER KALI TEPIS 

TEMfEAAruPi HANuE ..•)« 1C 104F l-AC tC 400 

ACCOBAO lO.lCI 

CMCCEMC CCOLEK ASSERBLT ECOOl UI14 

FFCVlOE LCh ItRPEPATuPE FEAl SIAA 1C EAPEPIPEK1 ChARBERS 

RAXIMUR lEMPEKATuRE***.**. .•••-TAP l-ECO 

FEAf IIKR CAPACllYlESn ICCOBTO 129C*i ThERRAU 

TERFERATbRi SEKSORl ECOCI 41111 

PEASiiRE CC0CAK1 IEMFEMATL.«£& 

CFERAtlKC riPPiPATcRE RAKCE.«.*IA 10 104F l~BO fC 40CJ 
aCCcRACV •»y-0.02F I •/>0.01C I 

CRT CISPLAV CCOOl lllAl 

PRCtflOES OtSFLAV CAPARl|.l(V INCLOOIKC ACFhAAORBER ICSvCYKARlC AKD 
CEFLECIIO*! ANO VILEO ARFIIFIERS AND RECUlREO FCRER StFFl lES. 

OICIIAL VISUAL CISFIAY ECCCl lllll 

CISFLAY KiiRERlL CAfA 

ALF»4ANCNERIC REVbCARC ECOOl lllll 

ALL41HS LRlIiMAK tU CUHRUHJCAIE KITH IhE CHBCARO CCRFUTER FOR 
EAFERiRfHT CUKfPOL ANU CATA ANALYSIS 

ALYBOARO .TYPEKMlIER lYFf 

1N1EPFAC1 OESCEIFTICN OICI TAL-32-BI I kCRU 

SCLEKOIC VALVES ECOCI 101121 

CCRfFOL FLUlC FLOP 

RCCULATIkC valve ECOCI 2IUI 

ACOLSI FU.1C EcCk 

PAElbbFE RECU ATGRS EC0C2 SII21 

FRESSuRf RECUATIKG VALVE FUR OASiUiS PRE SSUR t/Al ICK SblSYSTER 

REOLLATICN RAH4I*.*.... •l.T TC 14,1 PSUI14C 1C lAOTCRRI 

UFSTREAN RRSSSCREIEST)........20 FSl ll.4fOS R/M2I 

PRESSURE RECLLATOR EC0C2 11121 

valve RECULATIIiC SUPPLY PRESSURE 

RiiULATIUH FRESSURIIEStU.*..2C FSl IU4E04 N/F21 
NAA UFSfRFAP FRtSSUAE**. ICC FSl 12.1 EOA N/R2I 

SCLERLIC valves IC002 111121 

CAS SHLTOfF VALVES 

CCNOir ICNINO CRAMMER ECOIS 11114 

Ire CCKOITICNIKC chamber is made uf of a pressure shell* a 
POSITIVE EIFUiSlOK RECULArUR AKO A vv AtROSCL CCNCJTICKER. THIS 
CHAMBER CCNOIIICNS 1H| CAS SAMPLE FRICR 1C ITS tKJECtlCR |KTC 

The cllwu chakber 

OFIRAlINu P•«ES^LREIESI) 2CFSIA I14F03K/M2I 

CPfRATlNU 1tRFERArLRE.«**.....J2 1C B6F 10 1C lOCI 
2 Ct«Ft« lU.OUl CU> REfCRSI 

FRESScRf SEMSCRS fCCC« lllll 

PeASUft PRESSURES tHMLUUP OU IHE SYS1ER 

IIAACES i 1C 20 PSIA 1100 IL iOCO TQBRI 

10 90 FSl IA.9E4-14.9E4AI/P2I 

••lO tC IOC FSl Il4.9t4-2«1EBK/M2l 

ACCLRACV*««..«.*«*..*«««««*«««1I OF FULL SCALE 


A-B 


FUMJOIflER ASSEMBLY ECCCJ 11119 

IHIS ASSERKLV CLNStSiS 4)1 AH EvAPUkAlLRt A hEAIER* A bAIER TRAP» 

A PEFERlNC PoRP AKC A »Afl« lAKk VIIh AK IKILuRAI VlAOUtR. iHlS 
AsSlRBlV CINLPAIIS Irr .Alik vAvtR KiClSSARV FCB CitUC CMCAflCK. 

CMV AIR KLR RAIt ...1I9CFM 19 llfERS/RlM 

RABlMUM tl»*PERArCHI ....... ..••/IF IV9CI 

HURlOtlY RAKLE.... .•••.. ......U 1C ICCB 

HEATER CARAClf YIRJM ..IIBIL/HR I9K iHfcRRAl) 

hEAIER FEEC rail IRAAl ••••••• C.Q2 LB/hR l*».| CC/HRI 

• AIER IAKK CAi«AC11V ...JLBS I1.J9A0I 

CIK PCINT SENSOR ECOCI lllll 

This SENSOR MEASURES TEE CEh PCIKT CF THE CAS SAMPLE 

MEASuRFREhl RAKCfc.... 1C TC BBS 

ACCURACY 

LlCulU HAICR CLKILM PriER ECCCJ 1121> 

PCMfORS LlUUlC kATEH LOKTEM kllMK IfE EaPAK<xCK LFAPFcR FOR 
IFL PURPOSE OF ACCuMAlE KAItH BuCcEl ACCCLKtS. CUHHEK1 CCKCEPTS 
LSI CPIICAl fILFKUUlS 1C MlA;.uRC iHc VATER CkCPLEfS iK A|R. 

accuracy ..••••••.•••••/-c.cst 

CCNCENSLK - RAUR CCOCJ lllll 

CCLLEC1S RAtER VAPum KY LlNULKS IKu KAfER LCMLKI CF WAS SARPlE 

CCKlEKSATICH HAILIMAXI 0.«Ls/hR (91CC/hR| 

IEPFERAIUmEIPIM.. )CI 

SICRAlI Iana - tARiH SAHPLL ELuCk lllli 

IFIS fAKR STORES sAMHLES LF lARlH LATSIS. iHt ASSERBlV CCKStSfS 
IF A PRESSURE VESSEL • A PusUlVl EAFULSICK REOULAlCR AKC A 
rlACCER. 

PRtSSUHL Afk ITbC RH PCI 

volume 1C UU.Fl.tO.2d CU.MtlERSl 

UAS SARPLE SICMACE tAMiS ECCU4 SllU 

PRESSURE VESSELS PUR SlLPlNC LAPLRIPEM GAS SANFlES. 

MAA PRESSUREUSI) 30C fSl U.1EC4 IK/P2I 

VCLUMC I Cu.m. ta.02d CU. HEIIRSI 

SURP STUkAUE lANR EuCC4 itlll 

SlUrtE CAS SARPLES AfIER EkPERlPLKi EvAluAIILK. 

PAA PRESSURE USD 19CP Si I 1 .CS£uAK/R2 I 

VOLUME 10 CU.PT. to. 2d CL.REURSl 

FLLV CCNIRCl ASSEFRLY ECCC4 11124 

IFIS ASSEMBLY CCNIRLLS I»L FLOv LF GASSES IN IHE GPL. H IS PACE 
UP of FLURttiNC CCRFCNEMSt SCLEKuIO VALVES. A FILL ASSERELV* A 
VENT ASSEMKLV* SAFirv uCRFCKENlS AKU A RIAlKG SUBASSEpILY. 

SLPP tCMPRCSSCR EC0C4 lllll 

CCPFRESS EAPtNuit laFERIPERI GAS SAMPLES IKIC SuRF StCRACE lAK* 

LCPFHESSICN RAI1CIRAAI........1U U 1 

LL-CG ICNVERIERI VULIAGI uLNIMCLEEU CCI EC0C9 lllll 

LIKVEPIS SRAUELAB PChER IC VCLIAGL LIABLE Bt ElECIRlCAl FIlLC 
LfKEMAIINC CORRUNENIS 

IKPLT VULfAGE... •••••• ..2BV CC 

ULIPCT TBO 

tC-tC CCNVERIER ItCK FRLGGEKCY AC I ICCC9 lllll 

CCAVERI FC*CN IMC LsABLE FCMM FCR ECICTBIC FIELD GEKERAURC 
CAPACIIOR 

FRECUENCV.. *0 TC 100H2 

■ AVE SHARE...... SCGARE 

AMPLttUOE. 1C V/R 

ELLCrPlC IIELG CCKIPGLLER IC009 III14 

FBCvlLl CCNlMOL FOKCHCN FOR ILIClRlC FIliC CENfRAlCR. CCRtROlLER 
SUFPQPI BCIH AC AKC DC RChER SLPPLlES 

ACCUsTluAi CENERAUIR ECOll lllll 

variable FMEGUEKCV AuCIC URIVERS USIL IC FOSinCN arc cckirol 
vAIlR LRUPLEfS OR ICE RAmIICLES IK IACH OF fMRIE MUTUALLY 
FERPENCICULAR AiES. EACF CRlVER CAK Bt CCKTRCiLfC JMlIPtFOIRIlY 
IN FRECUINCY ANC AKPLItULl 

FAE.UEKCV IC lOHHi 

APPi I tUUE. *••••••0 10 IBO LB 

tPAKSCGuER - ALOLSttCAk ECOll 241111 

PtASURl SUuNO iNlEKSIfY IL vEI 

IKlIhSIlY level 0 1C IBC CB 

APPlIFIcR - ACCLSilC CINfRAlCR ICCiJ lItU 

APFLIFY SUKAL TU ACUUSIIC cineraicr 

POKER 

L 4 SER <coii mn 
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MicMfltD caseftvATiuMS 

MACMIFICATILN f-ACTOA •••*•10 TO lOOA 

CBSfcRVATION KULC •••ViSUAi. OM RhOTOCRARhIC 

mORaUiG OISIANCI UR TO Ali^llCCfl 


AlCRCSCORi I^IUH »'AGNlf ICATICN) 
AAwMRikL uB^tA^AllLhS 


MAGAlfUAfIGM RACT0R«« ICC A lOOflA 

OBSkMVAltON MOCC. TR|MOCULA«ICA 


CSLlLLCSCuPt 


ccoii mu 


icoiT mil 


SUPPORT NAlfiTuNAftCi ACUVlTlCS AND SPiClAL OATA ACGUlSITIOR 
PRkCutKCt BAKU ••••••««•,•••• LC tC IC.O PMi 

CdSkPVATIUK POLt VISUAL AKO CAM(MA tl hP STOREI 

tv HCKITCR tOUii lllli 


CtSPLAt IV LAPfKA GuTPul ShLpIKG CKAMUR PPCKOPCM 


fCOii 111)1 


PECORO CHAMBER PhfcKCMEKA 

RESCLUTIUK HIGH 

LtGtf level lOK 

IMAGE MAGKlf tkS 

IMAGE INTEKSIPICAIICK VES 

IMAuE LEVICE LlChtlNb ECOCB ItUA 

PRGVIOES LlGHTIKG f(JM VAMIOUS CPIlCAL PkCLHClKG ACTIVITIES* 
CCKSISTS CE COKTIKUUUS LIChIInG* STBCBCCOPE ANU LASER BEAR LIGHT 
SCtPCES 


MGH iKTENSnv UiuHT OuPATICK..<lSEC 
CPTILAL OLTECTOP 


ICOCG II21S 


SCLIC STATE OETECTCP TC CBTATK OATA CCACfPKIKG SCATTEPIKG 
RPCPEPTIES OF ICE CRYSTALS AKO POSSIBLY EAlRiRS OPOPLET SUE 
CMAKGE CATA. 


CPCPLET SUE OlSTRJBUlICK METkP 


fCOGS 1U3S 


ThTS UKTt BILL CElERPIKE OPCPLET SUE ClSTPIBtTlCRS KlfMK A 
CHAMdEB UTILUIKU OPTTCAL TECHKICUES 


|A MICRCSCQPE 


Ecoir mil 


CETERMIKE SURFACE TEMFEPATuPE Of OPCPLETS ARC ICE CRYSTALS 


SENSITIVITY. 


*/-C.SAFI»/-0.)CI AT SF t-lSCI 


cpiical sensors 


ECOl) Ullll 


SENSOR FLR CUNIROL OF PARTICLE CHARACTERISTICS AND OPTICAL 
ENERGY SOURCES 

CIUlAl TAPE BECuPOER ECCBA Hill 

PPCVIOES FOR RICCPCIKG SCNSCR CIGITAL CUlFUT DATA. 

TAPE SUE I INCH 

TRACRS « 

TAPE SPEEU VARIABLE 

CATA RATE I.IEAOA BPS 

RIkl SUE U INCHES OIA 

LICAR iRANSMfllER ECOBB IIIU 

PBCvlUIS SIGNAL SLURCE TC NfASURE ClQLO HEIGHTS ANG AEBCSCL CIS- 
1P1BUIICN. 

hAVE LENUTH A))B ANCSTPCmS 

ILLUMINATION MtiCES .•••••••••• RUBVt OCUBLEO RUBVt CYft 

LCUBLEC CVf 


•ECEIVIR. TELESCOPE 

PICEUIS TPANlNlllER PEtOPNEL SIGNALS. 


ECOBY IIIU 


INSIANtANECcS «CV 

PCINTINO aluopacy 

POINTING SlAPlilTV 

PCINTINO STABUIIT MAU ... 
POINTING OOP AT ION 

CIGITAL RECOPLEP 


. C.OCIP PAO 

• C.OCPI PAO 
. C.OCII RAG 

. C.aOET PAO PEP SEC 

• UOC SEC 


PPCVIOES FOR RECORCtNG OIIITAL OuTFUT CAtA. 

TAPI SUE I INCH 

TRACRS G 

REEL SUE U inches 

TAPI SPflO VARIAPLE 

LAIA PAU«..««. EC FPFS 

CSULLISCOPC 


LSEU fCR HIGH MESOLUIUK VlttelKO C> SfiUFIC TARGUS 

INSTAKTAKLULS fUlL 01 vlt ^...u.VOtUlU^til 
...V.CUIUI 16AI 

FIELD Cr V Ue URL VS-lHALK I....C.Si:tU AKO K.CCIL 
PCIKTING ANGLE FBLH NAUlH 

IFIICH. ALLNG IR ACR I U U -ACOEG 
PCINTINO ANULI »PLH NAClR 

IRULLf CPLSS 

TOTAL ANGULAR COVERAGE ICRCSS- 
TPACRI FFCM KAOIR llFLV/^« 

PCIKTING 

PCIKTING ACCLRACY I I- S 1 GMA I .. .G. lOEG 

VlEafcR - NICE ANCLE IU)S 

USED FLN LAmGE ARtA VlEulNC ANG CPlfMAIHN. INSTRuMENI SIHILAR 
1C THE NILU NF^ NAVIGAUGN SIGHT LSEO NllH IhF Hi LC-HEEPEPUGG 
PC-IC PE1P1C CAMEBA 

1NSIAN1 ANCCLS FULL OF V lE N.. • I ICCEC B tlUUEO 
...SSCEG A SSUEu 
• •UdOEG A ^dUEG 

FIELO OF VlEN....... ••.idCDEO IN A^IHuTh 

pointing ANLLt FKCM KACIR 

iPITCHt ALlKb-lHACR C 1C tCCEG 

TOTAL ANLUUAR GUVEmaCE ICBCSS- 
1NALR) FFCM NAOIR IIFUV/A* 

PuINtlNU ANCLE) ...•/-ACt.EO 

POINTING ACCURALV U-SIGPA ) • . UCLu 

LCNO nave INfPAMEC SPECTFLMktER PEC IIUI 

LSIU FCR lUENTlFICATIlN CF TYPES CF RCURSt SCIlS ANC SECIPENTS 

SPECTRAL RANGE IL PICRCNS 

dU to IS.S MICRCNS 

PACICMCTRIC CHANNEL PANGf IC TC li RICRCNS 

instantaneous FICLC of vie*... I PULI NACIAN OIA. 

PCIKTING ANCLE FRCP NAOlH 

IPITCH. ALCNG TRACK) ...... -•aSCEG TC -lOOEG 

PCIKTING ANCLE FRCP KAOlH 

IMOLLt CPCSS track) 

PCIKTING ACCgPACY .....O.ICIC 

pagkemc tape reclpllp pec 21111 

CNPCAPC LATA PECuPCINg CF VOtENllFIC INSTPGPEM CAIA 

MEAC IK RATE ..ICUPPPS 

STORAGE CAPAC IIY/MISSICN. JtU dlTS 

CATA bOFFERS* FCBPATUHS PEC 21111 

BUFFERS CATA FPCR HIGH PksOlGTILN dtCIBANC RGL 1 1 SPEC TP AL SCANNER 

INHLi CATA *Al|..,.......*....2GCPeFS 

OUTPOT CATA RATE ICCPbFS 

INPLI CATA GUV CYCLE .J)t 

POLTIPLEAEP Fit IIIU 

PGLTIFLEA CAIA FCR TPAKSPISSICN VIA ShLTUE CLPPON IC A T K F LINK 

CRT CISPLAV ►EL 61)11 

INC CPT*S ARE ICCATEO IN THREE CCNSCiES FCP CAIA OlSPLAV CF 
ALPHANLNERICS ANC GRAPHICS. 

RCSCLUTICN. ...loco LINtS 

CCNTROU INPU FUMN............aiClTAL 

SC AN raster 

CCNiCAC 

phosphor CHAPALTEm lSTtCS......FCLR-CCllR PENETPATICN 

SCREEN SUE ININ I60CM) 

UvilS 

PICKUFICHE PEALER FEC I kill 

RtAUEP CCHCUHRENlLY UlSPiAVS SEGUEKCES CF PfCPCFlLM PECCBCS CF 
PAPS. PEFIPENCt SIGNATURES AND OTHER PATfRIALS NEECEC KP 
BEAL TINE EVALoAllON OF SeNSCP FCPPAtS SEllCTEO FCP CRT CISPLAY 

STORAGE CAPACITY 

retrieval SPEIC A SECONDS RAR 

interface STANOARC COMPLtfR 

PLCTIFONCTICN AEVtOARC FfC IIIU 

CCNSCLE CONTROL RtVBUAPO *ITH FUKClIUN KEYS LABELLEO BY CCRPOTER. 
A SUPPCPTING SOFTNARC LOCtC TRIE FCP CAlA ENTRY ANC OISPIAY CALL 
OP CAN BE ENTER AT ANY LEVEL. 

CPEPATICNS CONTPLL CONPUlfH "iC 11111 

The clppoiep shall provice the pcllcning functicnsi ccppakc 

INTcPPPETATlON ANG ClECOTICNt AlTIIUCI ANC POINTING PPCCPAN 
CCNTPCi ANC CCPPUTAIICN ANJ CATA MANACiMfNT SECUENCING CPEPATICNS 

NEMCPY SUE.. lASSO NCPOS 

AOO/NOit CRELUlE T |RE. ....... .5/10 PICFC SECONCS 


EC 0 Y 4 mu 


PCKITOB. MEASURE ANC PAINIAIK EClCTBCNIC ICUlPRfNT OPfPAIlCN. 

BANCMIOIH lOvMMi 

CHAFNELS 2 

SENSITIVITY 1C PV/ClVlSlCN 

TIME BASE VABIABLE 

STCIACI CAPABILITY KO 


IILESCCPE - TPACAING 


111 )) 
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lAllfIt ANO UCfAH 9HVSICS 


MtM RCCOACkR CR002 *1121 

RPLVIGC PHOTOCRAP»>eC RiC0R0tN6S 10 PAQVlOt ALL kfATHCll StAACC 
iMAGill* FOR rOFOCAAFHIC MAPPIRC* 1-0 STRAIN FtfLOSt fROSIGN* VOL- 
CANIC RC11CN ARC POST-GLACIAL tPLIFl. 

FILF iTFf 70 PR 

FILR RAfC A im/SCC 

IRSTANTANEGUS fOV »••«•••••••• O.OH RAC 

MuCTlFFSaiNCV MOPAGATION RECCIVCR/FACCESSOR 
A ARTLANA SVSTER CCNTACL UNIT 


NLLIISFECIRAL scanner ELCCTRCNtCS FACICACE 

tA UMFEHATURE PROFILE RAGICRETER CCNTROL UNIT 

CARERA CCRIPOl 

CIRIAL CCNIROL 

OPTICAL RCMTOR CCRIRCL 

CCRIAMINATICN RLNllOR GUAGi CCRTRCL 

PASS SPECiHQRkfIR CCNTPGL 


OPOCA 

CPCCA 

OPOlt 

0PC2C 

CPC2C 

0P02I 

0P02I 

CP021 


OHICHKAI} 1»AGB 13 
OF POOR ^uAura 
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OF POOK QUALITY 


SfACl fXOCf&SliiiC ^PPLlCAtlChS 


rtkic SLPPip stiup spoci 1113^ 

IHU uKil LP tMPEC ElfME»it3 SLPPC«ril^C Ul P47tHML 

SClISCt AhL NANwPAClUftIHC EIPEPIPEHIS. IT tS PM1 CP thf COPE 
Skttkkt^thT CN ALL HS/NS PATLCPCS. IHE TH«kt ELlPtATS 

APE AN (Nkfcl CPS CNit» AN UXIOUINC CAS th|1, ANC A N&UCfNC 
CIS bNII, 

ciciiAi clcca SPool mil 

CiCITAL TIHE LISPLAV. PAPT OF OICITAl FPCCESS PPCCPAPNEP ASSY 

OJSPLIV A CIGITS 

OISP1.AV TYPE ................. LEU 

SCINNIP PPUtiUAPPLN SPOCI II til 

TPACKS CCMPLfcX FuNcnCN AND TRANSLATES IT INTC A SIGNAL toHlCH 
LPtVLS LXPENIMLNI CCNIALLLCC 


ACLtRACY 

HEPEATARIL I It. 


.T-O.si CP SPAN 
•*-0.l OP SPAN 


SIGNAL LLNL'IT ILNLh SPOCI illU 

l.opUf-ltS ANU CONCH ICNS LON LEVLL ANAlCC SIGNALS AS PAPI OP 
CAU ACQUlSinCN LNIT 

CAPACilY ••••UP 1C 33 PAIPS OP SIGNAL bIPiS 

OUTPUT voltage ••••.••••*-lOV 

ccuti Comment... ••••••••••••«»- spa 

CUITAL VCLtMLtLM SPOCI UUi 

VCLiMfeUM PuM CATA ACwUSITlCN ANO CONIRCl UNIT 

UC VCLI RANGE. lUCMV 1C ICOV 

AC VOLT PANCt lOCMV TC lOV 

RESCLLIICN C.ll PLLL SCALE 

ACCtMACT »-0.St»-l DIGIT 

SEI POINT CCN1RCLLEP SPOCI Hill 

ESIAHLISNES CCNIMCLLEH SET PCINI. SET POINT CAN IE VAPtEC 
fPCN «>RE-PkOQRAPNkC INPUT 

SKNAL INPlU... ••••*.•*••••. U - 50PY 
CATA OUTPUT i - SOMA, 0 - S VOC 

cigiial process programmer SPCCI IIUI 

PEAPUPH PMICEUMMINEC LOGIC POLTINES SLCH AS EVENT SECLENCING* 
PARAMETER CCMMANCS CA MELA TIRE SEGUENCING- 

inplt/ocipgt siage SPOCI mil 

iPfi INPgI/UUTPlT unit, TMMOuCH THE USE Cf PLUG IN COROS* CAN 
ACCCMOCAIC A RICE MANGE CP PROCESS INPUTS AND OUTPUTS PCP MAPIMOM 
CCNTPCi VERSATILIIT. 

logic LEVELS. LUGICAL CV 

LOGICAL*!”....*. SV 

SIGNAL INPLlS.. ••••.•*•••••*. .CCPPAftILE htiM POP! TYPi 
COPPUEPS 

SIGNAL CLTPlTS C * 9V 

CAIa OUTPUTS •*•••••••••*•12 AIT PARALLEL 


CCNTRU yNlT 


SPOCI iim 


TPI CPEBAfUM«S CCN1POL PANEL MILL NAVE TliE CAPAiUlfV CP 
CCNtPCLLlNG AAUUT 1000 PROCESS LOOPS* DATA MLif ii RfAOCUf ON A 
GUlCN-iOCP AASIS. IT MLST PPOVICE A MAY TC ENTER NEk PARAMETERS 

channel number *.**.*...3 GIGIT Nillifa EACNI 

OITA LEVEL OIGIT NiRlE PLUS SIGNI2 EACNI 

LOGIC LEVELS, LUG1CAL*C* 

L06ICAi*l«......SV 

OATA OGIPLT*. VARIABLE 


PRINT PECGPMC CAIA IN THf PCPP OP ALPN.V-NuMfRCC CHARACTERS 
IN HAPL COPY FORM UPCN PlULESf RY GPERAT^TR. 

PvR«AT PICR TIPE - SCANCARC 

CHARACYERS* NUMBERS SVPICiS 

ULEPPINIEP SPOOS mil 

CMARACIIA GRUNIEG CRT TERMINAL* CAlA IN IPE LtUf MEMORY IS 
CCkVERTtO. MY iHt GhARaCUR GENERATCR, INIC THE APPRCPRIATE CGT 
PATTERN. IPC cots are SHIPTEO CuI CP IRE Shift REGISTER TC FORM 
A VlOkC signal to the HCNITQR. 

SCREEN fOMMAlS •*.AC,U OR iC lHAMACTERS PER LINE 

«...l. OR 2N LINES 

IRANSPtR RATE 110 1C 2vGC iAuO* 10 CR II IIT 

ChARACIERS 

MCCfS*. HALF CR PILL CUPLEX 

CKiTAi TAPE MICCi'CEM SPCCI llltl 


PRCVlOE data SIUMAUE for OIGItAl PPCCISS 
ChANNEl S«* •••••••••IS 


analog iscri ccntrollir spoci mi 

IILICCN CCNfRUL NICIIPICR EPPLCVIO AS A RELAY $«t1Ch 

logic LEVELS, logical *C* 0 - O.BV 

IOGICAL*I*«.**.*S«0 - 9»€V 

hAmCI up GIMIM. I loot IN I CYCLE INCilMENTS 
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multiplexer a/C cunvepur spcli mil 

LCNVEMf INPUT SIGNaI rHU aNALU(» 1C UlGllAi fCHhAl ICf> 1/L GNlI 

ANALCG INh G I •••••• . .•••• . tu *IU«^iSv 

Full scali acclhag* •-C.u.cs 

MESClGTIGN U BUS UlNARS 

CCNVERSJON SPUC t AHl 

DATA OUTPUT 2*i CLAPLEPENf 

TAPE INPUT UNIT SPOCI IIUI 

RECICvIS.STORCS.TmAnSMIIS CATA CP CThtR EucIPHtNI 

TAPE CAPACUY..... UCOFTlStChl, U.9IN. 1 1. iChJ MiCi 

tape speed ANu l^.S IN/S 

UA.Mfe ANC 3/ Lh/S) 

LUNG TEMH VAhlATIUN... ...... ..*•11 

LATA CENSITY.... .......UCC CPI IPhASE ENCCCLCI 

..jCO.tSA.ECO CPI (NCin 


SIGNAGE PfKlPhkNAlS 


SPCCI mu 


This UNIT ACCCPTS ACUMtSSEG BINARY CAIA f-RCN fhE ClGlIAi 
EhCCEsSOR AND IhansLAIES ThIS CAlA INIO EGUlVAlENT ANALCC FORM. 

MAXIMUM Signal and mclc channilS «32 

SIGNAL ANU hCLL LHANNLLS PEm CANU..G 

AlTCMAIIu PHCfUCMAPhlC PNCLESSGR SPU I IIUI 

UNIT PMUVIUES PRUGESSEU hCuCUNAMS AS FAMT lP thi ElLCIRC'LPT ICAL 
IhAUlNC SVSllM 

CYCLE TIME ••...BtiMEIN S fU /U SEC 

PLATE hULCEM SWh.... A INUOCmj x S INUJCMI 

EPEECrtVE APERIUMt AT PmOIC 

PLATE... 3.^5 IN.ia.SCPI X A.O IN llGO>l 

LATA OUTPUI...................PPCCESSEL MCLLURANS 


hlUH MESOLUftCN fLLEVlSICN CAMERA FCR yIEmINC, RECCRCING CR 
TPANSMIIIING PtCrUMEk CP M4TEM1AL fMOGESSiNU EXPEMIMINTS 

bANCMlUTH. 

VEmTICAL SCAN ilNbS 112V LiNtS 

hORUCNTAL MESLIUIICN 1100 LINES 

VERIICAL SmEIP RATE..... — ....2S Um 30 PRANIS PER SEGCNC 

SENSiriVifV •••....ICC IRE UNITS OUTPLt PRtCUCEC 

tollH O.S FOOTCANOLf IllL*' INAT ICN 

GCTV CANEHA CCNIRGL UNIT SPOCI 11131 

This UNIT MILL PtRFURh IhE FCLLCmINg CCNTAtL PuNCUCNSs LENS 
PCCUS* LENS F STCP, CONIRASI BRIGHTNESS ANC MUCE. THE vN|T mill 
MCMn in TuC NQUEStlilCLNl INUCUS LBSERVATICN hCUk*liH|RE ILLUMINA- 
I ICN IS CCNTINUOUS, UM I2» PULSED LBStRvAtlCN PCUE USEL VhfN 
ILLUMINAIILN IS PROvlOEC BY A CYE LASEP UP A NAKED FLASh LAMP. 

SCANNING 2 U, ThRCGCN U 29 

tINES PER FRAPE* 2S OR JG FRAMES 
PER SECOND 

HGRI2 UNTAL SCAN FMEGuENCT CGMNLL.. 3 P TC TSG H| 
vertical SCAN FME.GENCY CONTHCL SO IG * 0M| 

FRAME SrOMACE GNU SPOOl IIUI 

THE FRAME storage UNIT PROVIDES NCNOE SIRuC t I vE REACCUl, ERASE, 

ANC STCRAGE ON ELECTRONIC COMMANO ANO mCRRS IN EITHER CCNTINuCUS 
CR PULSEG MOCE. IT PRCVlCES A REAL*T|Mt. NC PHCTOGRAPhlC 
PPOCESSING, HIGH SREEC, AuTCMAlIC LIGhI AC.GSTMENT CAPEPA CAPABLE 
CF ^POVIDJNG real-time MCvIES CR FRC 2EN StlllS 

IV MCNITOR SFCGI IIUI 

ThC MCNITOR MILL CISPLAY GCfV IMAGES AS PAAf CP thE UfCIC- 
CPTICAL IMAGINE SYSTEM. 

SCANNING IWO RMI 

vertical* 1>-B0 PICLOS/SECONO 

vertical scan LINES LINES 

UNEARIIY It PICTURE hllGHt 


CSulLlCSCOPE 


spoul mu 


bISPUAY CP The PRESENCE ANO/OR NATURE ANC PCRP OP CSCILLATIONS 
LR IRREGULARITIES OF AN ELECTRIC CLRRfNT* STORAGE CRPABUITV OF 
A CRT GISPLAV IS DESIRIO FOR PRCLCnGEC CBSERVAT fCNS. 

• AnCmIOIM. OC TC IBPHl 

sensitivity.,, •••••••••INTtRNALl Q.2CA OtPLtCflON TO 

1 PHI 

tAtiARAL t 2SCMV P-P IC •»* P'P 

vIClC S*ONAEE I 1M|*.*...,.«*..1 HCLR 

PLbIC ecu ING/REFRIGIRAULN UNIT SPCCI IIIIA 

This UNIT maintains ThE ELlCTRwPHOPEllC SIParAIICN SySIER, THE 
Cgfpem Supply anc sample at a ccnsiant lcm lEHPfRAtgiE. If 
CCNfRCLS IhE UMPERAIgRE OP iHl GAS fllMINAtlCN SYSTEM. ALSO 
If CCCiS TCP hEAlSI INF EgFFER/SAPPLI SULTICNISI ANC ThI BUFFER 
GSEO in ThE ELUTAguE CLMPARlHfNlS CP Th| tULu*NS. 

CCNIiOGLfD IEMPIRATlRe PANGI**««I)P 1C IIIP I2S tC «90 
TEMPEmATuNE ACCuRACY..*.«**.*,*/-I*OF U/-O.SNCI 

system RECCvERV time 2 PINUTIS 

rxaIMUM hCAl reject ICN 2 kn ThERMAI 


laser CMTICAL SCAtlERINU MUNITCPI 


SPOCI 21III 


The LASEP optical SCATTERING MCNItcR vlil PRIVIUE A REil t|M| 
REASuRE op LlGht SCAMIRING IN A SPfClPEN At anvBOISIRCC HfAluR* 



I 






Space Division 

Rockwell International 


IhQ ANCLE. TNIS CATA b|LL MCVifiC INfODNATICll CN IHE SUE* ShAPE* 
CfUENTAIlON, INQEA OF AEFNACIION. CONCE A THAI |CN ANC iCCAflCN CF 
CFttCAL SCATIEAINC CCNIEAS. 

LASfil TTFf. LCh-rChEH. UV CAS QlKHAiCC 

FtLtEA •ANOfelOIF. AE-1 IN.IO.lfll*) AT NAIF FCMCA 

SCAIIEifC LICMi 1N1CNS11V 

accua A c». a. i« 

ANCLLAR FQStflCN ALCURAC T •• • • • I RIN (O.ARRAfil 


LV-¥IS SRECfRCREllR 


SRCCl ZIIU 


NEASLREMENI OF SAFFLE CCNSlllLENiS aASiO CN 1H£ iiV ANC VlSUif 
SFCCIRLM. 

RANCE ISO TO 1000 KR 

mAVElENCIH/mAmENUNOEA ACCURACT..«/> 0.1 NN FS 

AESC4.C1ICN C.OS NR 

HE&FGNSE flMk i SECCNOS 

SCANNING SPEED 0.02 1C i.C NR/SCC 


CTE LASiR/FLASF LAHP 


SFOCl )tlU 


this UNIT mill be tSEC FCR FREE RACICAL CENEAAriCN« SLRFACE 
caaace thaesnclc cetehrinaticn. and NCLCCRAPHIC RICRCSCCFT 

ACCUHACYt 

NAVEL ENCTH. ...O.0 1 1 

VCLiACk OF CAPAC110H BANA......0.1I 

laser anc flash lamp enerct 

ODiPUf •••.•••1.01 

SYNC. ACCURACY. ICCNS 

COHERENCE.... 201 

RANCE CF 0PERA1ICNI 

ENEHCY INPUT .....SflC-SgOOJ/PULSE l.l^l.AhH/PULSE 

} AT LGM REFS* LARCE LAAF 

5C-SC0J/FULSE UOIA^. lAbH/FLL SE 1 

AT HICH REFS* SHALL LAPP 

ENEhCV OUlFtf*. ....l-aOJ/FULSE t)E->A - fE>aMH/FLLSE 

I AT LOH REFS. OYE FUND. FRE6.« 
250HJ TC TA/FULSE ITI-S - 2E-3 
hm/fllsei frecuencv COUILEO. 

ICOIIJ 10 JA/FULSE 41E-9 TC lE-A 

HH/FLLSEJAt HIGH REFS AT CYE 
FLNCAMENTAL* 2S - FS0RA(IE-6 - 
2 E’A MH| frequency OCuBLEC 

ReFETITICN HAIE.............«..LARCE LAPP - SINGLE TC lO/MlN 

SPALL LAPP - SINGLE TO 2QH2 

FREQUENCY RANGE........ FUNOAPtNTAL AJO - 750NRU.7E-S 

TC )E*S IN.I FREQUENCT COUBLED 
2iS - J7SNP U.OE-B TC l.SE^S 
IN.I 

flash UUAATICN SCO - lOCNS 

hOLCCAPERA JSPP lUA IN.I 

single FRaAE IC 20FRAPESFSEC. 


OLTLET GAYCEN CCNCENTPATILN... 

Cutlet hvoaccen cqnceniaai icn. 

PAJl FlUM rail.. 

FLOP RATE CLNSIANCY 

GFLPATlNU TEpFIpATLNE.. • 

tUfFER ANL ELICTRULYtL SUFPLT tANNS 


31 4BV VCLUPEI 
21 tBV VCLUPEI 
TBO 
• -11 

«a - Tl F 120 • 2S Cl 


SFCCi UlU 


SPGCI 2IU1 


FLASURL acidity ANC ALAAlINITY O SCLLIICNS. used in CF LAB AlSL 

PF RANLL... A. 2 IC 12 

SELICTABLE ranges ANY 2 

ANY S 

ANY 1C 

REACINU SlABlLllY* C.02 PH 

LIGUIC TENPIRATuRE RANUE...... 12 TO 212 F 40 TC iOO Cl 

FPAUIEN CCLLECTIUN SYS11P SFOCl U2JS 

THIS AFPARATuS MILL HALL I mG FLNLUCNSI 111 IC CCLLECT IyI 
LtSIRLL FHACTICNS AFTER SEPARAlILN* AND 421 TC REACVE TM EaCESS 
euFFER SGlUftCN ANC REPAlNlPG uNMAKTEC >APFLi S 

RUPI TYPE FCllllYE ClSPlALLHENl 

I.R CU.IN/PIN 4AC LL/HINT 

PuMFlNU MATE ALCLRACY 

ALLGmABLE Pump FuLSAUCN O.CIPSI t*/-7C N/P2I 

TEMFERATuRE RlCULAIICN ..•/'!. OF 4«/-C.SLI 


CAS FLLM PETLRINU ANL MCNlfUPIMW CfVUf. 

GAS TYPE LAYCEN* N|TMC4*kN« FiLiLF 

GAS FLUM RAIE G*% 1C C.l IB/hA 

C.} IC J.C LBAmF 

LYCPNILIIAIIUN UNIT SPOOl ItlU 

PiciRCULAi iNG Fluid iNcueArcR spoct iiik* 

CISSOLYtO UAYUEN ANALY2ER SPCCl Hill 

IFE UNIT mill CEILRPINE 1fI AMCUNI CF LiSCLbEC ClYCEF PFESENI Im 
UE ELECTROLYTE AFTER II HAS BEEN PRlCESSEO IhRCULh ThC GAS 
ELIPINATJON SVStEF. II MILL FCN| TCP LayCEN DURING A AEALMCN 
tAPERlPtNT U mill ALSL FuNCHCN AS A CASECUS CAYCEN M(NtfCP 

CCNCENTAAT ICN ranine...... C IC IGTAL UAYGEN sAlLPAtILN 

ACCURACY *-lt 

RESFUNLI ItPE SOY ALIuAL IN lOSECLNCS 

SAPFLE TLMPERATOmE RANGE i; IC I ICF IC TC N3LI 


THE Flash lamp has TrC FUNCTIUNAL RtCUlRERENtSl lAIIO PFCCUCE 
FREE RADICALS* ANU IBUS A FUPP SOURCE FGR ERCIIING ThE CYE 
LASER 

Type rercury-aencn 

CFERATING temperature At TC 77F 1 2C TC 2SCI 

nAvELENCTH •.••.•.••„.|, 2E'5 TO 2.4E-S IN. I3CC-A0CNRI 

ENERGY INFU I 4 PA A| 1 .SHN 4SAJ| 

(MINI... ••••*«•••. C.lNH IIAJI 

RETRCCCNSTRtiCIICN h|QH RESCLLTICN hClOPICBCSCOFE SFOO I 3I21S 


QIALYSIS UNIT 
METERING PUMPS 


SPOOl 11113 
SPOOl Hill 


tUFFER ANC SFIClPlN PETERING FUMPS FCR CGNllNuCUS FLCM 
ELfCTRCFMGRfTIC COLUlIN 

FlOm rate-. .OCTML/MIN IC lORl/RIN 

FREUURE HEAO AfOA - S«* TO 14 FSII4E04 - 10E04N/P2I 

RCFBOOUCIilLlTY A’O.SS 

CCNTINUOUS FLDM fLfCTROFHCREIIC CCLUPN mITm FupP SPOOl 11114 

IMIS UNIT SEFAHAIfS BICLCGICAL SaRFLES BY ELfCTROFHOBEIIS. 
RELATIVELY large SAMPLES* AFFRQMMAlfiY IC CC* MILL BE PCCCCSSfO. 
SAFFLE ANO BUFFER FLOP NlLL BE CONSTANT ANC SAPFlE FRACTICN 
COLLECT ICN CDNIINUOLS* 


total buffer anc sample VOLUME.. 
GFERATINC TCMFERATlRE. •••••*.. 
CFERATING TEMPERATURE REGULATION 
SEPARATION PROFILE AOCURACV... 
POSITION CNirCR ACCURACT.*.*. 


BOOU.IN. 41000COI 
14 IC 41 FI«10 TO SOI 
»/-2F I*/-101 
•2-.004lNt«/*«|PMl 
•/-•0G4IN4A/-.1PMI 


FRACTION DUlLET PORT LCOATICN ACCURACY #/• .C04|N|«/-. 1MM| 
INPUT VOLTACI..,,. SOOCV 


StATICNARV aiCTRLPHOREIIC COLURNS 


SFOCl II 114 


THE SfATtONARV ELECTRCFhORE T tO COLURNS HAVE TliC ANTICtPAIfC 
USAGfSl lAlfO ISfABLlSH PROCESSING ANO OPERATING PARAME1IRS FCR 
THE CONTINUOUS ELiCTRCRittC COLUMNS, ANO IBI FOR SMALL fAICH 
PROCESSING lAPFRaAINAliLT 0.1CCU0CA INA«SII OF VARIOUS 
BlOLIiGICAl CONFONEN1S 


TOTAL Buffer and sample vciume ....i.scu.in. iisccj 

SEPARATION ViLCCnv ACCURACY,, «/-0,04lN f«/>|MM| 

POSITICR NCNtrOR ACCuRACV,,,,, «/-C,04IN |«/*|MMI 

OPERATING TCMPERAfuRE RANCE*,, 14 TC 4lF 1*10 TC SCI 
lEPFERATURE TOLERANCE A/- 2F 4«/*lCl 

GAS ELIMINAIICN SYSTEM IFGCt 

REMOVES GASSES PBCGUCIC BY ILECTRCLYSIS IN iHl ELICTRCOI 
COMFARININIS of the ELECTAOPHORETIC CCIUMNI 


SPCCl 11112 


SPILIMEN/SAMPLE SUPPLY IANkS IPCCl 1 1 1 li 

HIGH VClfAGE PQgEA CLNUltlCNkP SPCCl 1111 

FACVIOES LC VGlIAuI IC EITHER THE STATILNAAY LA LCnIINUClS FlIm 
LLECTRCPhuAET IC CULUNNS, MFGUlAfILN MLST REMAIN CCNSlANI CVER 
A RELATIVELY LARGl CURRENT GImanC. 

OUTPUT VOLTAGE REGUiAHCN •-(]. II 

VOLTAGE RANGE 23 TC 2SCG VOC 

PC ACOUTS.. vCLTAGf LEVEL 

POhER OUTPUT ru CCIUPNS ..iCV SUSTItNF.C 

2CCM PEAR 


LARA FIELD ILLUMINAIUM 
REFRIGERATOR 


SPOU 21111 
SPCCl Hill 


IFIS UNIT mill be LSED FLP CCLO SILPAGe Cf BICLOCICAl SAMPLES 

lEMflHAIURi.,. 3* * ART 4C - 20C 1 

LENGTH... 2F1 4ACLHI 

l.RFI H4CPI 

height IBNCPI 


iHis UNIT mill be l&el flr cclo suragi cf biclcgual samples 

CCNTROLLfeC 1EHPLPA1LRE AANGt..^l3F TC H3F 4*2SC TC 4!CI 

length IFT 4304PI 

l••Ft IS4CNI 

height 2.RF1 IBNCPI 

CEmAR 

ThH UNIT mUL re USEC NCR CUO SICRAGk OF RIUCGICAl SAMPLES 

tEMFf l*B€CI 

length IF I I 30LMI 

mCtH - I.BFT CS4CPI 

2*E'* 4BACMI 


MAS1 C LIGUIC tana 
MCLLCULAP SIEVE 


SFOCl HUB 
SFOCl 4HBJ 


IHE PCLCLULAR SIEVE IS USIO ID CLEAN GASSES GkNfRAtfC IN FURNACES 
ANC fINAUSTEO TO SPACI, IHIS UN|1 IS AL 1C USED IN lHl FuRNACE, 
CfNtRAL PURPOSI ANC LEVlTATlCN tUtlLEHENlS 


LULANI Supply tana 
IICIIECIRIC POCLSING LNII 


HCi MALI TuOl Furnace 


SPOCl LHH 
SPOOl 11114 


spoca Hill 


This unit is a general puapcie.nci hall heating oivKi 


so 74*SA*0047-2 
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ACCtRAIl CUfilULL OVtM tM HCf fCtaf TiHftMIUM bllH 
VtSPetl li. A fkAT PHafiLl OH 1G A $PfClMIO CAAClflkT AVCMU. 

LkvtL... PSI US»I-AA/P2J 

CPIKAltNO ltPPtAArUPfe«.****.«*^^OOl- ll/OQCl 
1^4 4 uTttriM SiA»ACt irMP«*«..UCF IA5CI 

► (.I /L»ir tlNtP!ILK$ IK ICCPI LijA. X AlKHSCPUKk 

PAAl“t.P {ikVJATKK rfiCP fkAI 

fPLA U 4. ........ ..«/-4F (♦/•iCI 

PCI hAU fURKALl SPCCi 21111 

IMS UKir U A CfKCAAL PCffPOSC* HOf kMLL HfAIIKC OCVICE PPOVlCIKG 
ACCtiAAU CCHTAUi. L¥lH FhC HOT 2QNE fEPPfPAUjPt h|TH PE&PfCT 1C 
A fiAf PROPUE LU fO A SPECIPUC CAAOUAT PA'jflLE. 

vACtUP tEvEi. ...2E>A PSI iU5E-4K/P21 

CPEAAr|f«C ICMPiMATLAE..«....«.3JflGF (lACOCI 
EAltRKAk SkR»»Lt tlPPEAArLAt..UCF USCi 

KOI iCPt iit^'iSSlLKSlPlNI tlK. <2.KP10tA.ASlK.liJCPlLCKu 

MAAIMUP tfeVlATlCK FACP PiAl 

P<*k»ltk 1«/>ACJ 

IrllbPCMl Ik •.•••..••••..••.2 

CKSf-iEKlNAL PkKPOSE INCkOStnl SPOC2 31113 

TkI PKIhakV KuKCdtP CP IhE EKCkCStPfe IS 1C ISC4.AIE ThE KEATEC 
SPECIPEK PAOP IPi LAAOPArCAV EK%1PCKHEM, ACIh ThfApakkV AKO 
AfMCSPKEPtCAkk T» AKC TC PPQvlOC A MfAKV U SrAkCTkAALLY AflACP 
tPE VARIOUS PEAIINC EifcMEMS ARC ACCESSCRV IIEPS 

VACUUM LEVEk« 2E-10PS1 U,SE-AA/P2I 

MAKlPUM iNtfcRNAL IE PP ........ .SACCF (iCOOCi 

PAK tXftKKiAL SkRPACE lEPP UOF MSCI 

PCI iU%t 01«*EKS|CKS1PIH1 tlK.U.VCPIlrlA.AAlMICCKl LOfkC 

fULk kiKCTH FHLM CPEMHC UGOA 

VlEk PkPTS** ftCMtPEAR*2 SICEStPCIICPf fCP 

FLAKCE OPENihCS * tCP i tCI tC P*2 EACH SICEi2 PEAR 

ClHECllCNAk SOklOlf ICATICK LA I T SP002 IIIIA 

IMS LMI CCKSISTS OF A FuNAACE AMO A ChUL LKJU SPECIPEAS ARE 
FIAIEC. MOVEO tPRCLCM A iPERRAk CRAPIERT AREA AMC TAEK lAlC A 
CLCklAC area. 

CnIU LM11 UMEKSlChS O.A 1 A I i. SCP » l.O. Rl.O IMI20CRI 

kCAC 

CHlik LAPAlirV iFEMPAk 

FLAIIKL LNir Jl^E AS ICRS.... . ..C. A 1 A ( 2CP| I .C.XA I A I20CM kCAC 

PEAUR CAPAUtV .••tmi THiflPAk 

FEMFERAILRE CKACIEAI AUJCS? 

range 9 TO 9CCF/1A 12 1C 2COC/CPI 

KEAUA max IEPPERATkRE........2900f IIACOCI 

CPlLi LAlf MIA TEMP fC TTF 120 1C 29C1 

k*1ERAAk SuMfACE TEPP... AC TQ UCF IIS 1C 90C » 

ACCLitlC MtAlAC ANC LiSPERSAk LA|I SF0C2 21239 


EkECfPCMAi.‘4El 1C PIPIAC ARC ClSPERSAi kA|| 
IF PVRkPEIER 


SPQCa 21111 


fFE PtPUPEICH OPIICAILT SEASES IPE lAlEASItV Cf RiCIAM EAERCV 
tPlITEC FRLM TM SAMPLE SOMFACf 

TEMFlAAlliAE «<AACE ICA TC SAQO F (9b TC 3000 Cl 

spectral RESPLACE ...,0.?C - O.tT MlCRCPETfRS 

kALIERAIiCA aCCURACV *-lt FCLL SCALE 

FULL SCALE 

iCRE REFINER SPQC« 11112 

IPIS uAll *lLk P(Al* PCLC AAC PAAIPLLAU A SPECiPfA FCR IGAI 
RIFlAlAb AND MOL TEA 20AE CRYSTAL OACAfH. II A|LL CAUSE A RCCUA 
RfCICA TO tPAVlRSL ALGA6 A kCAO CVLIACRICAL RCC CF PATEFIAk. 

SPECIMEN SITE ••••A 1C 12 lA 1 1C tC JO CFI LCRfi 

0.1 10 O.SlAiC.iS 1C 1.2SCMI CIA 

SCAhAlAk alSlAAClS ...kP tC 121AI30CMI 

SCAAAINL SPEED......*. UP 1C 20IA/P|A l$QCPyPlA| 

SPECIMEN ROtAllCA...... tU AC RFP 

OPERAtlNb TEMPERAtUKE SIS 1C 2900F IJCO 1C lACOCI 


FEATIAk LkEMEAT «P ILH KfAI> EACA«kkLAltC SAPPUS A» FAS51AC A 
CkPPEKT TARCuCf JI 

Al P K SkSIAIAkCt 9** MAh 

lEPMMAtLRt IMAXI.. ^RkJE (UCOkl 

AlMcSPMRI |A|PI CAS CP »Ak».kM 


PlCHk.AVE KtAliR SF.C2 11219 

PROVlLE PILRUkAvE EAEPCY VLtPLE FcP SPECIPEP MATlAk 

TEHFERAIUAEIMAAI lECCCF CIC.CCCLJ 

POmER IMAHJ ..•.•..•••«.«2pn 

FRECuCACV AAACcIMAaI LI K lElC Pi 

CPkPAfiCAAL AlPCSPFERE APV ELT V«CtUP 

CR4C1EAT FkRAACI 9FwUx Util 

PELMAAICAL MlXlAb ANU CISPEKIAL LA|I SFCCi IliJS 

IPRLE AAiS MAAlFuiAlLP SPCCi 41134 

FlkiOiUCTRtC bPlkt SPbCi 2IIIP 

VACULP/PRk SSLHL NtwkLAlLR iPwC* illtl 

Ut UAll M«CUkAlEt 1M PMESSLPt IK IM PPCCESSIKC CPAMEEFS RY 
ALPIITIAC. FLUIC FRlM a Fkklu StPPk> CCaTaIMP. IpIS LK I I l> AL$C 
EPPkCYEU LA tPt (INfPAk FkFFCSk AAk LEVlTAlICK SkOtlfPEKIS 

PRE SSUAfc-Ad^Ckt IE l.l TC ICCC PSU 

pKp vAktLH Plpf SPCC2 21111 

LMI IS CSkL |K CCKkkPI PLLEkkiAP SIEnt. II IS cSEE mIIP 

TEE SPALL VACULM TO RLIEC OLkN CViAW Tp|S LK I I |S AkSC LSEC CK 
1>E kEVITATlOK SLEELEPEM. 


9FwL 4 Util 


SFCCi IliJS 


SPCCi 41134 
SPbCi 2IIIP 


PRiSSbME'AtfSCkCU APttlEM 1C 0.1 PSlA 


VACUkM/FRFSSLRE MEA^kPEPEKl LMI 


SPCCi 31111 


PiASLNkS PRESSURES lA PRCCtSS ChApaERS. LKlT IS ALSC PtCklREC 
FOR CEAkRAC PoMFOSE AAC CEVIIAIICA SkbkiCMEMS. 


PRESSUHE-AdSUkTE APblfKI 1C O.CI PSU 


PICA VCLIAUL PCNEF CLAOIUCAER (iTWl 
kf lACCLllLA PLPEP CCKOIIICAEh UA»-i • 4PPi I 


IkEmmal CV(A 
IF SPECIRLMEIE* 


SPCCi 31111 
SPCC« 21111 


SPLCi 21111 


SFCCi 11111 


lAkfcAMEU ANALTSU U iCKSIlUEAlS lA LAjESClS CR lUkIC SiBfAPS. 

MAACE 10 Tk ICC MICRCKS 

MfSkLblICA */- C.S PICACAS 

RESPLASi time 2 SECEACS 


LASEm PYMLMEUk 


CAS LHRi.MA'OCAApp 


SPUOJ 212J9 
SP0C3 21111 


UE FLACIICAAI FEkklAEPEKtS CP fPE EbLiPMiNt AR| IL AKAli^E TPI 
ATNuSPPEAiC CLMPCSIIICA AAO TpE IMPLMIlY LCACE AlB ATtCA CCAtAlAEC 
kItPlA IME kAPEPlPkKtS* EAlIPPEAI EKCiCSLBfS. TmIS ElEPEpI IS 
ALSL LSIC CA Tpfc klVltAtlLA SkRElEPEAt. 


FkLk RATE 10 Pi/PIKUll 

SEASIIlYlTv C.l PPM 


1IPE lapse PICA SFtEL CAMERA 

CAMERA AkSC UStU lA LEkllAlILK SkUUkMEAt 


KUCLEAB PAhTIClE CLkAllAC LAlt 


CAPAMILIIY 1C USCRlMlAATk AKO CCUM 
AAC N^ELECTRCiAS. 


SPCCI 21111 


SPCCI 11111 


FEED ANC CRVSIAL PCLCER 
RESIOUAl CAS ANAlYiER 


SPCCi 21113 


lOENllFT TYPE AAC bUAAI||Y OF NAS REPAIAIKC |A A PRCCfSSIKC 
CPAMSER n« CEAERAIEC OlR INC A PRCCISS. IaE AAALYlfR IS ALSC USfO 
lA IMI LtVllAllLA SURCikPEAt. |A| LAI I MtSI AAVt A lUAABLE MASS 
LAIT SECIION FUR LEAR LCIICTICA, lk A CUACROlPCLI TYPE IKSTRUMENT 
CARASkE OF SEPARAIIAG MASSES. lAE IKSTRUMlAt MUST ACt AS A 
PARTIAl AAC rOlAl PRESSURE AAALVIEF AS NELL AS GAS AAALYlfR. 

MASS AAACE RESCiUl ICA. bP tC 2C0APL 
CITilLIC SPECTRAL ANAL MASS RAACES. • l>SO AAO AO-ASAPL 

SCOPE SCAN SPEtO VARIABLE IRS tC 300S 

CATA OLlPuf visual AAAiCu 

akalcc 

CICITAL 

USEPUL PHESSURi MAACE I.CE-S PS 1 1 F.Sf >2A/R2 I 

1C l.Ok-ll PSI (7.S(*MA/II2I 
MASS SEPARAIICA CAPaBIlIIY..*. lAPL 

MIA CfTfCTAtLi PARTIAL PRISSUIU..2E-12 PSI <I«SE-IA/P2J 
MIA OffiClARkE TCtAk PRESSUME...«*.lf-10 PSI IT.SE-tA/Pii 


PF lADLCTICA PkR CCAQ. |NtA|Au 4 CISPERSAil 
iCA VCLi/AlbM AMP PLMER CCAOUlCAfP I lORbi 


TmO • COCOA PYBCMETfR 
RiSIStAACE PfAIER ICUAIACTI 


SP0C2 Hill 
SPCCi iJlU 


SPO02 mil 


CCuKIIAC RAIL S.SEVCR C/M 

RESCiUTICA LOSS 1 I/3EPL* C/M 

Plateau caaracien 

fCD-UCC V R 1 S/ICCV 

RffA-CAAAA IICC-I90C V • I l/|CC V 

PMILISILA i/* C.l t FS 

TIMER C.OS TO 21R0 MIALTIS 


MESlSlAACf IAERMCMIIEP 
iPfMMCCLUPLES 


SPCCi Aim 

spoci Aim 


FkSiSIAACfc PEAIER lACA-CCA t AC 1 1 SPCC4 Hill 

Tube type peatiac laii fcm lse ia cpesT'Ceae pal flrfcse irclcslai 
LA PCI mall FUMAALE 

P0kiH««.......«,......«..,..4.kRk SLSTAlAfC. 9«k P|Ak 

TCMFkAAlUMklMAAI.. 29CCF (IRCCCI 

SPICIREA Sill NIA tiCCPILCAC R C.fS |A|2C»I 

CIA. 


Rp iaclction coils 

PMCtfIbl AUlKCCAtACt PfATIAC 


FRCLUCNCY range ?C 2PMl 

OPERA 1 1 oral ATMOSPPERf . AKY 


liECTRLA REAM SCURCf 


SP 0 C 9 iim 


SPCCE 11119 


A-12 


SO 74.&A.0047.2 
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fLCCIftCM IfAM S43UMCC liiLL it tSCO 10 HiAl SAUnfS ll-AT 
PfOUlAi MCH-CCaiTACT HfATiNft. fPi bA|l k|LL If bSfC IP fM CMiST' 
ClAANAt PUPPCSl lAClOSLMA 

UtLlVCPAPli PCmP ...J - A All 

INPtr •«.4Ak 

IfMAEPATUPf I25C0CI 

PAKlMUM SAMPLA SlAk 0.13 CU.IM. UCCl 

CPARATINC PAISSUAE If-IG fSl IT.3C-TA/A2I 


iASiA SOURCE 


SPOCA IIIU 


PACVlOf PEAf TAAHiSllltlEO fO A SPICIPEA iV LASER ttAPI* CCRCEPT 
PRGAtOiS HEATIMC RITmOUI CONf AMliaTlMO SPiCIMfll. UNI f IS USEO 
IN CCNJUNCTION NlfM CI-ES1-CENEPAL PUtPOSE ENCLGSUAf 

PGNEII .....AAb 

CQCLINO CAPACITY... ..I. SKA 

LASER ITPE....... ...•••••••••. ANY Of fCLLClilRC flYfl 

.CCNTINUOUS RAYE HVORCCEN-ftCUR- 

IRE CNERICAL LASER* IN CLTPUT 

CCRIIRUCLS RAYE fORCEC CCNVCC- 

TICR CC2. IR CUIPtT 

..••••••••CONTINUOLS RARE C0-C2>H2C-NE 

CHEMICAL LASER. IR OUTPUT 

PULSED TEA C02* IR CUtPUT 

..PULSED TEA XEROR* UY OUTPUT 

RIRIHUN • MlIH RP fiAllRC SPOOA lt2iS 

ELECTRONAGHETIC POSIIICNINC COILS ARC CETfCTCR SP0C4 IIIIS 

PRCVlOE ALTERRATIRC ELtCTRCRACNETIC PIELO FCR CONTACTLESS 
PCSITICN CONTROL. 

MAGNETIC PRESSURE l.A PSl 110 RN/SC Ml 

ELECTROSTATIC POSITIONING PRCRES ANC OETECTCR SPOOA LIUS 

ELECTRCSIATIC flELCS USEO FOR POSITICNING EAPERIRfNT SPECIMEN 
SUCH AS TO MAINTAIN CONTACTLESS POSITICN CCNTMCL. 

CNAMRER pressure ••..•...••••• > O.IA PSl 41 HN/SO Ml 

< 2E-C* PSl (O.Cl N/SC Ml 

CONPIGURATIGN ••••••••••.••••* IN APER OP TfIRAHEORCN 

Accusiic transducer ANO CETECTOR. SPOCA Hill 

USE CP SOUND PRESSURE RAYES 10 PCSITICN ErPERIRENT SPECIREN 
SUCH AS TO MAINTAIN CCNtACTUSS POSITION CONTROL. 

CHANBER pressure > O.IA PSJ 

II KN/SC Rl 

< 2E-0A PSl 
IC.Cl N/SC Rl 

CUNf ICoRATtCR IN APEX OP TEfRAHEORCN 


GAS JET PCSITIQNINC PRCBES ANO OETECTCPS 


SPOCA HUS 


LIE OP GAS JEtS 10 P0SI1ICN SPECIREN CURING EXPERIMENT PRC> 
CECURIS Such as TC maintain CONIACILESS PCSITICN CCNTRCL. 

GAS PlLTER Ef'OA INCHES 10.2 PlCREPfTEPSI 

GASES HELIUM* HYOROUEM* OAVCEN 

CONPIGURAUCN JET PAIR IN APEX Of IfTRAHECRON 

GAS PRESSURE MININUR C.OIA PSIA IICO N/SQ PI 


OlRfCTIONAi CAIORIREIEA 


SPOCA mu 


tPt CIRECTIONAL calorimeter rill re COMPOStO CF A PYROELECTRIC 
IR JfTECIOR* CEtECTCR PRERRPl IFIER* OPTICAL ROCULATOR fllGHT 
CnCPPERI ANO OENOOULATCR IRECTtPlERI* IT RILL RE USEO TC 
CETERJIINE the BEGINNING CP SCLIOIPICAI ICN BY CBSfRYING iHt 
ACrCNPRNTING TfERRAU ARREST ANO MILL MEASURE THE RATE OP RELEASE 
CP the heat op FUSICN* 

PVRCLTTIC IR 0E1ICT0R SPECTRAL 

range 2E-3 TO 3€>3 lNiC.3 TO 73 

MICRCMflERSI 

INClOfNT PLUX RANGE...........A.3R/IN2 11 - 1CR/CR2I 


RICNANICA4. sample PLAUIMENI ANO RtlAlfYAL 

SPOOA 

IIUI 

LIGUIO SYRINGE OtSPINSfR 

SPOCA 

2IUJ 

INERTIAL INJECTOR 

SPOOA 

1I2S3 

VACUUM CATCH Tu4E 

SPOOA 

11213 

scLto sample storage 

SPOOA 

11112 
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- Mitt ML»< ICCMil 


»»*i IcuMIkmU iAfiSliilt UHlCh IS Sh««tC klU Clhfn 

l>«TtMi:hANt*f A«lf Lthi AMO IS COMfAlliLt kll^ 
tkcUMiMI Such as »*U.«CSCCPEi AMC tSCULCSCCPbS. 


MiP 1-I.MMAI SS PM 

bCMS Sf MMf fi.2 

Vltk AMbtfc 41 CEGMUS 

i* PP, PUS 

VltM AMOlb <4 OfCHFES 

SMUlfcM SPEfcO a TO t/SCO SEC 

VUkiMC IhMU LEMS 

PCCCS SPLIT IMACE 

CAPtNA - SIlLL PCLAMOIC ICUMkI LSOC2 4I1|| 

PUA^UIk PPLUrviPAPHlC LAPAaiLIlT ShAAEk Mlfh PC$I EaPEAImEMIS 
AiSL AlAPtAail kITP MICPCSCUPE AMO OSCILLCSCCPE IMTEMEACIS. 

klLP fCfPAI fCLAPCIC IC7 aLACK/kPlIf 

i«2SA4.if IM ia2.S>MlM2.9S PMl 

LEUS tt PP« EJ.S tC fZ 2 

SHlIUA aPEECS t TC 1/60 SEC. 

AAMCt MMuEP split IPACL 

VlCklMk IMHl LEMS 

MtLu Cf %lEk 4C CfUREES 

PUCMlEP - STpIP CpAMT ICCREI LSICIJ mil 

PAML ellCMC Uk APPMtPPIAlE LIFE SLICMCcS lAlA. 

FAtLLEMCt RLSPCMSE LC 1C ISC M 

SEMSIllVirv C.i TU SC PV/MM 

CHAMMELS t 

LHAL1 aPUL 1 1C see PP/SEC 

mkIIINv MklPQU tPfcPPAL 


LSLULLSLUPE - PEPSISIkM CmT ICCME » 


IS 47 C mil 


EilCTNlMic PLMIIUH AML LATA PEAScMEPcMT CAPABlLllT OF LIFE 
ICllNU ElPEMlPEMT EllIPMEMT M|IH A SCMEbM PAVIMU LCMC TfPM 
Pf ItMl UjM. 

aAMLMlClP - CC 1C S N*i| IMIMIMCPI 

LPAAMLLS .......•• i 

UFlLCIILm AACTCh 1 MV 10 14i ¥ PEM CIVlSICM 

PHLIUbMAPnIC CAPAoUm ¥ES 

PEPaISIEMCL ...••• lP IC 6 HCuMS 

PILPCSlOPI. CISSICTIMC LS10Q4 Hill 

FEPMIf uElAlL CISSECIIMC Lf falCLCClCAL SfECtPEMS ScCP AS PLANTS* 
AMlHAt USSlL AMO cm cams 

SlbMlU EtLPllCE 

ACJLSTABIE EPlChl AMO CAPK FIEIC ILILPIMAIICM 

PliMwSLUPE* CCMPCLMC LSICeS Mill 

CfcMkPAi PuFPOaE PiMuCLiAM M|C»CSCOfk FCA PUACSCCPIC STLCIiS CF 
ll«*LES 

macMIF lOA TC ICCS 

PMLIOCMAPHIC CAPAaiLll¥.......PCiAPCIC FliP 

llLATIMe CAPA FIELD CP LiCMt F lELC AMC 

PPASE CCATPCl 

AILCMCIP • ¥OiCE ICOPII LSicca mil 

CAPApliltv CF mCCCUCIMG CMAl CCHPEATS. 

CeAMNEtS a.....*.............. A 

EANliilQlP SC 10 aCQOC 

PICPCOIStCTICN ICCL All LSeVi 11111 

SIAACAMO MkClCAL MICMCLISSECIICM All 

PICPCICME ICCPEI LSC2I 1111 I 

LAPAalillV 1u IFIMLV SLICE EAPfPlMEMI SFIC IMEM. 

SLCtlLNlAC I TL so pICPCMETEPS 

CPVCSIAI ILOMII LSOij Hill 

CAPAtlLlIV OF srOPlMC LLANllllfS CF CPFCCEMIC LICLIC 

S CALLCMS IO.OOIP CC PI 

ffMFEPAlUHf -JIP f I-IPS Cl 

¥|I|ANAMT MECIIAL All ICOPEt LS««T Hilt 

4MCLC0IS QfOSCUPE/OPTPALPCSCCPI* PLFLLA HAPPIP* Mf mOCI C l I MCM| I |P • 
ICCANICUII* SVMlMCfS* MIIOLES* SCAlFEiS. PEPCSlAtS* TmEEIEPS* ANC 
LiFtP STAnLAPL ItfPS. 

(men iSdil ilHI 

CAPAillllV TO MlAl* MAlAtAlM CCMSIAAI tfPPtPAfcPf* AMC CPV tfSf 
ECLIPMEMT. LlWLlCS AMC HIT SPICIMIM. 

lEMPEPATuPE PAMCI 32 TC MSO F 10 TC ^11 Cl 

I CL FI 10.01 CM Ml 

MSfUCCt aH/SLICE CAOIMET UOPII iSMA ||HI 

StAMLAPC Alt CCMIaIMIMO PPlMAS* AMHfS* MflCLES* StPIMCES* CC¥|P 
SLIPS* LACkCS PELS CiPiP MCPMALif IMUCOIC ITfPl. 


CLASlAMt lAMPIAAliPk aLLLA ICCMf I ISIOI* AllI 

AtAf SIMA kAlNlAlNINw A iiASlANi IIPPEAAIlPI ELM USI twrtS AAt 
V ialS. 


SPEL1PCPK.ILMI II 


iSCH mil 


PIPFLPP SPtCiPCPMLiCME llP AMAIVSIS CF LIFE SCHMCiS SFECIPEM IM 
iFf IMFMAPLO IAMCI • 

SPECiMAi AANCE «.S IC 12 MICALPEttPS 

PESCLktIOM C.I PtPCEMi CF •AVllEMClF 

SCAM TIME S SIC TC SC FCcP 

sample IEMPEMAILMI •..•••.•••• AFaiEMI U Mi/ F I/Sc Cl 

CAS AMALF/EM, ALlLMAlIC iSSCl 1111 

CElEPMlMi IPE PIAIIAL PHISSLPES CF CaICEM JML CAtaCM CICaICE 
CHSCLSfC IM KLOOC samples AML> U» oEHMPIME iMf m¥CPCC|M ICM 
CCALEMIPAI ICN 

IMlLClMEMEMlS CMSPECIFIbO. CCPPEACIAL LMII USIC AS MLllil 

IC 6.00C 

CO/ PAhIIAL PPISSlRE c IC /CCFM *.c 

C/ PAMIIAL PMCSSLME...........U IC /ClCFF »*L 

ACCLPACtt 

PH 

CO/ PAmHAL PPESSCAE .•/•C.SPH 

0/ PAkIIAL PA| SSLM ip* •'C AI pc/ 

•/-icpp PC At A.bc pc/ 

UMiNi AMAiT/lM - AlIuPAIIL ILUMEI LS4»C .U* 

CAPAtflllTv IL ALICpaT kali t HPFlFP lFIMI ASALHES. 

PASS SFELTpCMEUM IS¥Sa ilH 

PPCMiOt ANALYSIS CF LMKMCpM UMI/EL CAS SI AlCPIC MASS FlPIEH. 

PASS PAMCI.................*»«1 TO 4CCAML 

sCAKNiMb MANCC... sAMUttLE 

VAMlAELE SCAMMIMU PAli SC PiLllSECCMC IC 60 C SIL/SCAF 

MAA OPEPATIMC PMESSLPE... U'MICMP 

SELECUBLE CIMIIM pass 
SElECtAaLl SCAMMIML •lUT*' 


PitEP PEASlPES FUPLiCEM ILM lLMCEMUaIICN (F SLLLTICMS 

PH C - 1C 

MIASuPEMENI ACCCMACT C.GaPh 

LLIMASlNIC UEAMLP ICcPtl LSC4I mil 

FiCP EPE6UEMLV ENEPCF TCP wilAMlMC EAPIMPEMI AML PAlMllMAMCl 
iNLlPMCMi. 

CPEMAllNC FPi*,LEMCl iCCCL H/ 

CAPACllT 1 LC II 

VCilCPP PtllF ISICI/ HHl 

PCPIAELE MELlAtfLl PUL I l-FUM, HCM MEtIP PCM CEMCMAl PtPFCSE EAFIP- 
iPiMlAL liiiMtC AMO IHCLBLE ShClHMC. 

LC ECUS ICC P¥ 1C 10 «¥ 

CC CUPMENT 1 MA IC 10 A**FS 

AC 1C PV IC ICC ¥Cl1S 

AC CUMMEMI 1 MA IC I AMP 

UHMPEIEP IC CHMS 10 10 MCPMS 

SUMAC cEMEPAicp iscsa mil 

ACCCMAliCV AEPPoCLCI SELICIEC FPEULIMLHS AS PEFMlMCEl FCP PcP- 
FOSES CF MAtMlfMAMCl AMC PfPA|P. 

6ANLMI0IF CC 1C It API 

CLIPCI ECLlACf S ¥ IC C.I M¥ 

FLEIptIMGCPAPh* L IMBl |MCiU.*|MC CCtPUPI ISIOU Hill 

FIASUPI CPAMCfS IM ecCCO ¥4iUiME AML VASCClAP P||PCMCfS 

PEASUMEMEMI MAMCE. ••••...••. .•PICK >AMLf*lS fC SCC CPPS 
106 PAMCE-l.S TO SO OHMS 


ACCILIPCMEIEP - SPfCIPtM POEEMEMI 


LSVCI l/HH 


CPCAMISM CCFiIAIMEP ACIlEtlE AMO ACIlEllT LfEli MCm|ISP. 


ACCCPACf C.0CC4 c 

FAECuEMCr MtSPCMSE C IC ICC •*/ 


iSPc/ mil 


FAEnUEMCE SCuMLI AC/USI IM tetp FPliCiMCt AML AmFLIILCI FCP 
IAPPpCMCS CP iCMf EltPAICPS 

1/S IC POOC ACrfiSIIPif IM CCIAEEI 

Al riHuATOP..... COMlIMcCcSiE ACJCStlPif IM UE STEPS 

AMALE/fP - AlCMiL AiSCiPFIICM SPEC UCPPi ICPf l|P ilSCI Hill 

WCAMlItAtlEf CETIPMlMAllCM 0* PElAiilC AMC I|P|MF1 AlIC lifMfMlS 
IM sOiCllCMS AMC IMCICAIIMC CCMCIMiPAt ICM. 

•AElLfMCTP MAMCI •••••••••.••• /OO IC ICC Mlil|MICPlPS 

PCOIS OF OFEPAtICM .•••••.•••• AlCPIC AISCPPHCM* FLAPl 

EMISSICM* CVElSIlil SPICTAC* 
FMCUPCIPT 

CCCMIIM ACLUPACE • /- 0.4 MAMOMflfPS 
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CiLL CCUHTEH - fLOCC IS4C7 illil 

lifAscfti atouc cui aacfEaTiEs of aioco saphis. tssfuiiJLiv a 

CCCLFiA COUHTIA 

AAAAAtUMS HiAStaaO «...»<IPfl(iCi|A,»«fPArCCa H ilCCC 

cm CCUHT,AHlfC tLCCC CfU 
CCCAItMEAll CEil «OLUAE«MCAA 
CEIL HEPC6LCIIA AAO P|AA CELL 
I^EPCCLOaiA COl^fllfttATICIll 
AEPAOCuCiaiLlIt ••••/-it 

EACIEAIAL COLUAV CUtNTEA LSfCi Itlll 

PAAbAL CCUhT bf EACTEAUL CCLQklES. UMT IS SfAKCAHC fYPE 

CICITAL PLLTTEA, PAIMEA LSaCf iliii 


iVPtaAlUM 1VPL aEVAOAAC tSEC fCA PACViOIAC lASrACCriCAS PCM TM 
CCA Pc TEA 


SIAIM ANO PIA eiCLLCIlAL SPLLIMEH* EGA AlCACSCCPiC EAAAIAAUCA. 


ELlCTACPhYSlOL 


tACAPACA CCMTAiNS THE MECELSAAt LLECTACMICS PCA SEMSIMC AAC 
lAAMSMirilhC MAN«S PHt $ ICLOfttC AL CA1A StCH AS ECG* EEC* EPC* 

ICC* ETC. II«CLULES SEASOAS* SlUMAL CCAOl T 1C ALAS* PLLT I PLEAEASt 
A/C CCAVfAlEAS AAC T AAASM I T TEAS 

ELECIMOPhTSIOLCCV AECEIVEA LS91J llil 

PACVIOL special AECEPItCA Of CAAO 1C9ASCULAA AAC AltAAL ELECTAC- 
PHVSICLOCICAL kVIAlS %iA aiOTELEMETAV SYSTEMS 

sicaal ivpes aeceiveo........«electaceacephalccaap 

••••••...ELECTACCAAOtOCAAM 

...•••••• VIC TOACAAOIOCAAPHV 

•. •••••••• AL I STCCAAOICCAAPMV 

•••••••••IPPECAACE CAADICCMAPHV 

•••PHOAOCAACIOCAAPHY 

CLCOC CLOT PieACPETIA LS91S llli 

PACVlOE ACIOMATiC PEASCAEMEAT CP PLASPA CCACLLATICA TIME 
ACCLAACV.. •/-Q.ISECCAC 


PAEE/EM* CRTCCEMIC LS9LA Iliii 

PPCVICI A means FCA FAEE/INC ANO S1CA1AC BICLCCICAL SPlCtPENS 

STCAACE capacity. ••••••liS CL.IA. li.t9LlTEASI 

OPIAATINC TtMPEMArLR£......«**-320F|7aA| 

MIA CAVOCEA HOLCINC TtNE.^..«.J blEAS lETAEEA AEFILLS 

•EPATOCRIT* ELECTACNIC LS9i7 iliii 

AtlOMAIICALLY CETiHPiNE THE PEACEAT HEPOCAIT IK eLCOC. AAPIO t 
AEAOOUT ANO lEMPCAATUME CCMPEASATOA AECUIAEO 

CCSMCIEA, AAOIATICN CETECTOA LS9ia iliii 

PCATABLE CIYICE MEICH MILL ALEAT LSEA TO AAOIATICK LEYiLS |A 
EaCESS of a PAICETEAMIAEO level AAC TC PAOVlOE A CIAECT AEAOOuT 
CP the total CUMULATIVE AAOIATtCA CCSE. 

mate NEASUAEMEKT AAKCE ••••••• 0 TO €•! PA/HA 

C 1C SC A/AA 

ACJLSTAfLE AAClATiOA ALAAM ... C.OS PA/MA TO 5C A/HA 
CUPUAUVE CCSACf PAACES ••••. C TO 20C PA 

C TC see A 

ACCURACY CA- I CAPPA AAV I •••• ♦/• iC I 

AAOIATICN OETECTOA LS9I9 Iliii 

accurate PSASURENEAI CP IIThEA alpha* seta* CAPPA* l-AAY CA 
AEUTAOM AACIATICN AS IT IS APPLIEO TC A SICLOGICAL SPECIPiA. 

PATE AANCES •••••••••••••••••• C TO €•! MA/HA 

C 1C 1000 A/HA 

CALIAAATEC AEACOUIS .••••••••• CCUPIS/SEC> /PIK. ANC TCTAL 

ISOTOPE SOUACfc -SELF CCMIAINEO LS920 iliii 

AACIATION STRESS SOURCE USED IN CONOUCTINC AEG ALCCC CELL 
SUAVIVAL STUDIES. TVPtCAU ASSOATPCNl - NITAOCEN IS CCPPCUNOS* 
RAOtOLAtaEC SueCELLULAA PACCUCTS lAlBCSCAES}* AACiCLARELEC PCLY- 
m^CLEOIlOCS OR TITAATEC THYMIDINE. 


AAOIATICN LEVEL ••••••••.••••• 1 TC IOC PICACCUAIE 


IICtlLlPElRV AECEIVEA - COMPACT CACE PCOULE 


LS921 121111 


PICAOBACAPACAS FOR SMALL VERTEBAAtf ACOUIRINC AMO TRANSPItllNC 
•10 CATA. 

StCNAL CONOtllUNEA LS922 illil 

ELICTAICAL SIGNAL TRHNSFCAMAf |CN BLlNlEN ANY NUM8EA CP TAANS> 
fiUCEAS AMO MULTIPLEIEA/ANALCC ID DIGITAL CCNVEATEA 

CCAPUIEA INPUT ••••• •/- IG VCLTS 

SCUNO LEVEL NETEA lS 92J Illil 

SGUN4) LEVEL SURVEYS ANC UlM|TEO FAICvfKCV ANALYSIS IN REAL TIME. 

FAEGUiNCY RESPCNSE IC ICCC H2 

SOUNO LEVEL RANGE «C IC ICO DA 

staining system - BACflAIOLOGlCAL LS9 aA Illil 


TASP80APC - FUPCt/lUPUUE 


IS92S Illil 


PLASUAL MAN*Y lAPABlLlIV IC APPLY YCACES ANU TCAUUES IN A vAnllTT 
CF UIMICIICNS FRCP vAMICLS »*ANC/feUCV CAIENIATICNS ANC AlSlPAlNT 
CCNOII ICNS. 

HANL FORCE APPlICATILNS «/- C.S PCUKCS 

AACIATICN UOUNILA - BlCCFEPlLAL SAFFlf LS«2A Illil 

FAST* ACCUAAIE ANL EASY EICChEPICAL AAClAlUK CCUNlIKG SYSTEM 
EASEC CN SlANliAO SUlL BlCCFEPlCAi SAMPLES. 

STAKCAAO FLANCFET LP TC 2 IN C IA 

capacity of PLANCHEIS 12C 


MASS SPECTA0PE1EA 


LSS2A mil 


PACYICE an analysis Uf AN jNANLmF ICNI/IC GAS BY AICPlC MASS 
FUPBEA 


MASS G IC tC APU 

AIR PAmTIClE sample CCLLtCTCA 


LS929 mil 


AlP PAATiULt ANL M ICAU-CAG AN| SM SAMFLLS FLA A}M CUALlTY UTEAMlN- 
A1IQN 


AlAFLOa 1 CL Ff/M|N 

sampling time - CCNTINLCLS ... 1 HCLA 


AU1CANALY2EA - MULTIPLE 


1SS3C Illil 


ALtLPATIC analysis LF CLCCC ANL AMFMCAlMA ILLY 30 C TH|A FLUiCS. 


SFECTFUPHLtCPEllM - ClNcAAL AKALYilA 


1S9J1 Iliii 


SPECThal analysis uf gases ANC LULIUS INCLUCIKU SCilCS CA L Uf * 
SCuACES. 

FACnOENUV *K0 IC 2S0G NANCPIIEAS 

12SCC TC 2SCCC ANuStACMSl 

ACCURACY •/- O.N NANCMEIEAS 


ANESTHETUEA - iNVlATiBAAtES 


LS9*i 1111* 


FIKOEN INVERTEBMAII CNCANlSMS INSENSIBLE 1C FACILITATE •A*CLIN*. 

anesthetic las CAABLK CIOICE 

AKThAUFCPETAIC GMIC iS933 »1U1 

AKTHMCFCPETMIC MEASOMEMENTS CF vImIECAAIES EllHiM «E*CffLY LA 
ALTLPATICALL V. 

SPALL GNIC S A IS CP SPACfC Al 1 MM 

MEDIUM UAIU SO A 75 UP SPACEC AT 2 -P 

LARGE GAIO ^ A « H SPACEC AT 5 mm 


EEKCH, laminar AIAFLOV 


LS934 Mil* 


A GLCVE AUA NIIH MELATUELT HIGH A lA FLCm FOR CCNTACl CF 
FAATICLLATI ANC GAIECLS CCNlAPlNANIS VlTHjN 


EENCH, GENEmAL EAPEAIPENIS 


LSSiS 111*9 


FACVlOE pOAa area FCA PREPARATICN CF EAPERIPENTS* flFEAlMlNT 
RAINTLNANCE OBSEAVAI ICNS* and PAEMAMATICNS FCA AElUNN IC EAAIm 

electrical LTIL llv. .•...••. ...2IVCC* 9CCH2 AC* «CH| AC 
VACUUM Ul lU I I Y. ............... lOi— A ICAR 

AMESSUAC SOURCE 5C PSIG I3.95E* N/R2I 

AvAILAMUE CASSES NIIACGEN. CARBC* CICAiOf 


CAMERA CINE 


LS93E Mill 


FACVlCE VISUAL AECUMOS SLCH AS PhC TCP ICACGAAPhT* 1|Pt LA* SI 
AECUMUS* PHCjTCMICNSUUPi ANU GlNEAAi EaPERIRENT OCCUMEM I A I I CN 

CPEAATILN FRAME AAlf CA SINGlI 

FRAME AULSE OPEAATICN UNCEA 
AEACIE CCNTACc 

FILM SUE...... ...••...•.IN CA 3SRP 

LkN SELEC1ICN *C- Pi-UNl LINS SYSt|P| StAMCAAO 

ICCP LENS AS A NtNIPUM 

EAPCSUA4 SYSTEM ALlCMAlIC OR lOCP 

film CAPACITY 90* 100 CM 2GCF1 li5.2*l€.N CP 

NC.BRJ PULS 


CAMERA CCNIAOLLEA 


Ll93i illlN 


CEYlCt ru CCNlRCL iMi CPEAATICN CF vICEC CARfAAS IhACuGhCUI Tp| 

laicaatoaies 


CAMERA. PLATE FILM 

FPCYicf still FhCICGAAFhIC CCvIAACT 


LS93B lllli 


FILM TYPES. FIS** AEtCiUllCN GLASS PLATE 

.•••••••••••••••••••SIANOAAC 2 l/N A 2 t/N IN 19.75 

A 9.75 CAI ACLL 

.IC»M 

PUAAOIC 

SHUTTER 1 UC U 1/5CC SIC 


VIDEO CAMERA* e/B 


LS9I9 NOim 


FACVlOt MEANS CP ACTIVITY MCNIT0A1N6* EAP|A|MENT CATA ACCUlSITION 
ETC. SYSTEM VliL INTERFACE felTH A «C iNPUl ViOIC PUlTIPLIAIA TG 
AEAMIT the MCNITOAING CF NO SIMILAR ViOEC CAMERAS. 

visual RESPCNSE...... APPACAIPATE mUMAN EYE 
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VtilkU ••....•CCASIAI^r kllH UGHf LiViL 

ChmiS CF 10 10 lOCCOFf CANUfS 
t.AV F-F CONFCSIU* CCAfCHFS TO 
IM FS>irC STAhCAFO 

^izio ikumikt (.u.(M IS9A0 tiaii 

FAwvUt CUU.A VlLtU CttSlriVAflLNS OF C AF fta | F£fc T At AAilFAtS, SEILFS* 
tic. FtK SUjmACE via VlOEU-fAPE FLR THAASFISSICN TC fht CNCukO. 

KEVltCllUN IHihl •••.....JSO LlAIS 

tCKS l6FFf C FOtA f 

CIMAlf UCifHEFFJCtMAlECvHlC>> SFCfO LS941 IIIU 

SkFARAIlLN ibUlFFtAI U SUFFOPT NECICAI AKO eiCiOCICAL FESEAPCt. 


titClNCFhV klUlcGV tISFtAV 


QPtHAUhO HFFtFAIUPE. 


•35 TC SUF U to ICCI 
•0 ro 20000PFM 


CiMRlIUCi* MltPC iS94< lllll 

CiNlPlFlCAt StFAPAlICK CF tflCLCCllAt 5APFIES 

CAFAtITV SAFFtES 

&FEEUIM •••••i/50PFN 

GLASS TCBK C.S 1C S FL 

VACULH CilANEH LS94J lltil 

CttLEi.1 CEKEPAL LABOMAICPV hASIt MAlEPlAtSt 0IP1« CtSI AAC OECPIS 

VA4.LLM BAw VOL L Ft •••••••••••*. t. 3 ACO *F T • llOa^LlfEPSt 


LS9SA llllA 


LtCiCAltb biSPLAV FbM F»>tSICILCItAi CAM IFAKSFIIICL FV Irt 
ILtClFtFnV SiOLOGV dAt*FAC» 


ELEtlFtMlttW 


LS95) ll.ll 


FLAioHE SHALL VOLlAbtS AKU LoHPLAIS FLlAC IN MMViS AAL FcSLLLS* 


OC VOllACES FtASLMFt.. « /> ILF tCFc VLL 1 S K «/-lVUI 

LC VCLiACfeS FEASOMfC •/>! FA fC •/>! FA 

UPiFI..... ....•.•••••/-SV/CAV AFIfP iCFlA kAFFUF 

COTFoI.VOLrACE */-lOv 


lucifcfhopesis AFPAMAIlS 


LS95a ItlU 


SEPAMAIES PFOUIK AHC AF IHO AC lU CCASUlLFAU IM SIPLF , F L A SHA . 
UPlPE CP SPINAL FCCIC FCP boAKIlfATlVt AKAIVSIS. 

VCLIAGF C IL SCO V CL 

SUBSTPATE StAACF BltCKf FAPLP CP ClL 

SAHALE VOLLNL b.CCI tc FL 


APEEilFf CENtPAL 

SICPACE CF SEPOF. PLASFA. >FiClFtK« AKC CPCAAHM» 


LS957 mu 


CPEFAIINC tEFPlKAlLPE I'WcCi 

lEHFEHArOHc l«^-/Cl 

SfUPAoE VULlHE «• Cc. M. U.UCl.f*) 

FREEZiP* CCh ILFP iSV 

StCPAoE QF EaFEmIFEM specimens 


FC1CP CPlvlN FLONTIAO SIPLCTOPE 1U PPCVlCE CCNtiNLCIiS PCIAfICP 
OF FlAAT samples 

PCTAllcN H A Ik S.. -IBC 

plaifcph licming......* rec 

LCFPACTuF* FASIE ICLlCS LS995 IIUI 

CCFPAL1S HASH SUICS PCP EASE hAKCLIPC 

CoMFACI UMFINI ••••••I/A INItlAL VCLt*E 

LCNSatiiBlFAV ICFAL MkASOPEFEMS CS9AC llllA 

lEVICE 1FAI measures FEKlAL PPCCESSfSi AlTlIUCESt EfC^ StCF AS 
CCCNIIIVE PPuCiSSES* INUlVlUUAl BEhAVlCMAL IPAUSt CPCUF 
etMAViCPAi TPAifS* Etc« CLNSOIE IKCLCUS UNtPAl PtPFCSC CISPIAT 
ANL ceaepal pupfcse PESPLACE PETBCAPC 


PPULtSSCS MEASCPIO ••CCPPLEA PERCEPfCAL 

••••••CCNCfPfUAL AAC TFINFINC ABlClTV 

hefcpy 

PEACIICN llPE-SlFPLf ARC CCFPLEl 

lACIVlCOAl BEFAVICPAL IPAITS 

GPCtP BEFAVIOPAL tPAIIS 

CICIIAL CCMPuUP LS9A7 lUII 

UC.IuE A^jIUMATIC UAfA ACCUlSItiCN CF i aPEPIFERIAL 0AIA« CCNIPOL 
LICfURG ANC AAIMAL FEEOIRC and GERtPAl LABCPATOPV EMViPCRFERf 
FCNltURlNC. iFf CUIPOICP FILL SUFFCPt AAAlWICAL ICCL SLCF AS 
MASS SPECfPCME ItPS. CAS ANALYiEPS ARU ClALVSlS ECLlPFEAl. ALSC 
IFIVES CRl «JP FCiPE CPI IRIEPAlTIVE CISPLAV CCRSCLES 

mlFCPY CAPACirv..«.«***^......16PII lAtOCO mOPC 

CVCiE I IMC IMICPCSECCNO 

PLmIFMPAL S.APFBILI1IES OIPECf FbFGPY ACCESS 

FiEAlBLE IRfEPPUFT SIPLCTUPE 

SIRGLE Bll SET ARC SENSE LIRE 

CAPAttiLllV CF UF TC *A LINES 
each 

ANalCC IQ ClCIlAL CCNvEPlEP LS99C lllll 

SuFFuPt CUIlAi CCRFlIEP. INCLUDES iC-i€vCi PUlflFLfPfP. URII 
SMCULC BE A PPCCMAFNABLE GAIN U Bll lYFE 

CISA SICPACE STIIIM LS999 lllll 

SlUPES CAtA IN SUFFCPI CF CCFFLtEP 

SfUFACi CAPACIlY •••••••••••••S.CiE rOPOS 

MACNEIIC lAFt PICCPCiP LS93Q lllll 

FiCUPC CAIA 

CAIA PAlf •••••••JOB IFS 

total CAIA sIGPEO ...•••••••••IP.CEG9 BUS 


CAt OISFlAV 


N|C ARC ALFfANUMEPJC DATA 


AlTCHaHC CClCRV CCURIIA 


LS9SI 91111 


LS93i lllll 


CffEPFINl IFE FuFBIP CF viable CCAlRUS GPCbINC or AR AlCCP 
SCBSiPAIf 


CEIORliEP* •AllP 


LS931 lllll 


FPCvlUtS A MEANS CF PtFCVAL CF CAtlCRS ARC ARfCRS FPCM fAIIP 

Scfflies PkcciMkc Fcp sficialUEC labcaaicpt analysis 

SOilOS AiPCVAL LAFAIIil IY•••••<1 FFF 
ICNS FFMCVAL CAFAPiLlIV FFF 


uFEMATINU IlfFEMAIlPE -SNFI-ICLI 

STCPACE YQLtME I Cu*FI. U.C^fi CL.F.t 


PlfPUlHATCH 


SICPE SERUM ANU FLASMA 


iSSYS liUl 


OFEPATINU IemFEMATuRl * 4 . 1C 9GFIC 1C 9tj 

STCPAUt VOLUME .1 CU.Ft. IC.O/A CU.Fl 

REFPICEPATCM* mACIC 15CICFE *1CPALi LSS«L 

SICPE lIGuIC AnU SCLIC maJICACIIVE fnIIBIAls 

CFtPATlKC TEMPERATURE 9 5«/*/CI 

VCCUME ICt.P I. (C.CiaCu.F.) 

ISCIOFES S TOPIC RA.LI9.FES9.LP51.U J1UC95 


LAS ANALYAER. LLl SPECIFIC 


lSSEI tIUl 


This OfViCk IS LSEO Tu MLNITCP AINCSFHCPIC CambCN CUHLE lEVUS 
PAMllAL FPEIStPE RANUE IJO - ATCLFAI1-/C M* rl I 


CAS LRPCMAIOGPAPF 


t.SSE« liiu 


PIASUPES CUNCENiMAllUR cF uiS* lUUC, ANC SCl 1C LCNSTITlENTS LP 

MClcuical samples 

UPkPAliNC TEI«FkPAlLPE.««.«..«.*9C IC IS/FI*90 1C 90JL 1 

CAPMIEM GAS FELitP 

OllfClUPS hicpCGEN FIA«E 

....tFERMAL CCNCiCTIklTf 

FPACtiUN CCiiECIICK SVSICM 

CAs ANALYAePf VATEk VAFJil LS9 «j lli.t 

FCMICR fAIIP vAfCP CCRtENT 

MCISIOPE range U IQ 911 RfLAtUE ^cM|(llv 

fC.GCI U IOCCcFICPCGAAFS/LITEA 
IEMFEPAIUPE range 10 I90P l-UC IL bClI 


Nllf alNCFi CFfP ANAL 


iSVtS lllll 


Kit CCRIAINS iFE tools ARC EGulFMINl tC MARAuE LR|MIlAL» ANC 
BIClOuICALV coping VAMICuS manual FPCCCOURES GERIPAllY FIPNOPFIC 
vIThIN TMt GLCYE tCA* 

IOCLS....« •••••SLLiU IPANIF. Ml iLUi S^CPA V 1 1 Y 

INCEFENOENt PIFEtlES. VlAiSi 
SCIUESi ANC TEST IlBES^ 
CfEMICALS. SICFFIPI. FlilitS. 
ARC SAFETY SmIFLCS 


Nil, EEMAIOLOGY 


LS9AA lllll 


FRCVloE tCCES FCP SAMPLING, aANClING, IPARSFIPBING ANl AAAlYA.Ni 

eiccc 

ITEMS...*...* •••••«. ..REMAtCMElEA N|li IG lAFfCA 

OISFCFIFeIIESI CLVffSLifSl 
SLICES, FBC ANO RtC ClLLlNfi 
CPIlCSEAt I REFCLPII iLffSIMICPC. 
REFABIBI 1101 • MtFCCAll TLttS 
IMICPC, FIAINU BlCCC lUlIInG 
FlFEllEI IFBC, ABGI. CCFtlSllA 
UPINE lESI SUIPSI t ii|A 
ACAPTeNS* tACvtAiNfPi »ALwTa|N|* 
VALwlAlN|»*N||.4l LNlIl 
VACulAlNIP I.etS, ASSCATIGI^* ii 
SYPiRCf ILAPSEI. FECIAlAtC 
alCCmU SBAiSi LANCETSi RfEQll, 
15GA, S/IINl NfICLl a2CA,| I/EIR 


Nil, ilNlAA NEASUPEMENI 


iSftI Hill 


illEPMiMI Slit, AMFLIlLOl* UlSlARCE, C|RCLMF|B|NC1 .1 Tl 


A.U 
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tUiAH CCPAftAlCm 

CMIOSI CALlfenSf ll^SICi AMD 
OOlSJUfi ViHMfll CALlAIASl 
MlCACAtffPSt lASlOf AliC CbTSICk 


Alt* mCACfeioiocv 


is«Ai mil 


AMCwlOl rOCLk Ifl fAClLllATg 6RClll»>C AAO AKALVilAG PlCPCflAL 
L«€Ali||ll»G 

ItfRS IMCULAUH6 LOOPI IhCCLLAT Ill6 

MfiDLEl COrtGM SkAIS* fACRACtSi 
SIfRiLtI SVRlACf SRL. SlfPIlii 
SLIOiS. RICRC; ALCCHCLI TUt€S* 
ISXISRM* SfCRUe* CAPRICt 
IkfHlRkkt TllnCTuRE. ItiOO: 
SACtCCfRfiRATQRISTiRiLUIRG UKIM 
I 1HI0CLVCCLIAT6, riitECl STUART 
TRARSRCRT MCOIA* ¥|AiSl TSA 
SLARIS 


Kll. CAUAKISN hOLCIRG ARO MARAGERERT 


LSPAP mu 


RRCVIOE TUOLS MHQ CEVICES tSEO IR THE HOLCIRG ARC HARCiJRC OE THE 
CRGARISMS 

ITERS ACM small YERTERRATES. CLCwE PCHOERi CAGE ShlELC* 

RIASTICI PLASTIC LIRER rITH PACt 
FCCO PELLET DISPERSER; ALCCHCL 
SRAtSt TCkELSt PAPER. CISPC.; 
PLASTIC EACIFOR E XPEKC I tl ES 1 1 
PLASTIC EACIFCR KCREXPERClBLESl I 
OPCARISH fPARSFER CAPSLLEI 
ARIHAL TAGS 

ITEMS FOR PLANTS. RAIERIRG CE¥1CE1SPRAT KCITLEI; 

LARELSI FEPT1L12EP PACRlTSl 
SIRRESUOCMI 


KIT. PLANT rCGLS 

PPCRICI TCQLS FOR EARlCtS PLANT MARIPLLAlURS 


lsbic iim 


ITEMS SCISSORS* IrEE/ERS. SPAlLLA. 

APPlICAICR. SFLIRTS* TAPI 
OISFIRSEP. HVFCCEPMIC RIECLES. 
STRIRGES. FCPCEPS. PLIERS. 

scpercriver. scalpels, sealers 


PIT. GENERAL TOLL 


LSPii iim 


MECMAHICAL anc electrical TCCLS arc HAPGrARE tc ppcrice 
CCRRENIIONAL CIACaCSIIC* maintenance, arg service flrciicrs. 

TOCLS.........................HAMMLP* rRIRChES* PLIERS. SCPEm 

DRIVERS. GRILL. AGHESIVE TAPE. 
hire CLIIERS. RIPE TIES. RUE. 
llericants. flashlight. SCISSCRS 
. MLLTUETEP. FASIERERS. CLAMFS. 
LAMP 


LTCPHILliER 

FPCVIDP FREEZE CRTlNG OF SMALL SPECIMENS 


LSRIi mil 


sample CAPACIIT .20>1CL.IR.11ACCI 

TEMPERATGRE -AOF TC 2S2Fl>AO TC 122CI 


MASS MIASLPEMERT CEVICE. MACRC 


LStlJ 11132 


measure mass of ITEMS SUCH AS BAGS CF FGCC. BEVERAGE CORlAlNEPS. 
CCRTAINERS of UR ire anc feces, large SPECIMENS. ETC 


.0.22 TO CALI 10.1 1C iCRAl 


MASS MEASUREMENT CfVlCE. MICRO iSSTA 11132 

measure small test specimens 

MASS measurement range IMG 1C ICC G 

CPI ISCAN-FIELC ANC PlAAIICN POINT RECCRDER LSIT9 lill 

THIS INSIAUMEMT permits the RECCRCIRG CF THE VISUAL MELC AS 
THE SUBAfCf*S FIRATICM RllNIR IhE FlflO RllHCUf REStRICTICN CF 
HIAC MCVEMEMIS 

ACCURACT.... 2CEG CF ARC 

CAIALTIIC CAICIIEP STSTEM ISAII 1123 


LSIT9 mil 


LS9II 1I23S 


REMOVES UNDESIRABLE CLMBLSTICN RRCCLCTS 


opera I IMG fEMPIRATLRE.....«...ICCF I J ICC I 

AIR FLOM RATE 2CFM AT lA.TRSIA ANC TCP 


BlCCC PRESSURE CUFP SVSUN 


iSfTB IIIS2 


PRESSURE MEASURING IRaRSCuCER CUPF tSfC TL REASURk BLCCC PRESSURE 
CF PRIMATES. SYSTEM INCLUDES AIR RUMP FOR AulCRAlkO MEASLRIRC. 
RRISSURI CUP ANC TRANSCUCER. AND SIGNAL CCNOIIIORER. 


RACIAllGN SOURCE STORALE 

STORAGE facility FCR RADIOACTIVE MAlfRtAL. 


LSAU 11112 


VOLLME ARMRCAIMAICLT 1 CU Ft 

RACIATICN RRCIICriON LIMIT ••• LP TC 900 MICRCCURIES 


RECEIVER - flOTELEMETRY 


iS«BC mil 


R4CERTICN OP IIOTEIEMEIRY SIGNALS P«CM CtEP BOCY TEmRCRATuRI ANC 
animal activity as NELL AS POR ELECTRCHAGRE 1 1C PIfLC MCRITCAING. 

PRCCUENCV range •••••••••••••• TO 9 MHi 


SENUTiVlIY MV FOR iti OB GulETlRC 

lUNlNG variable anc CRYSTAL CINIRCLUC 


VISION TESIER 


LS^ei 11239 


LRUCAL CIVlCE iMlfH HCGC ARL RESMCRSE REYECAItC) THAI MkASURES 
A VARIETY UP VISLAI FLRLIILR!. 


SASTE STORAGE SYSTEM 


LS9B2 mu 


PRCVIUE FGR HARCLIRG. SlGRAUf ANC CISPCSAL d SCLlC ANC LiGUlC 
HASTE matter FRCM THE EARERIMENlS. 


CAPACITY 9 CL FT 

SlIRllUER - ICCL LS9EJ illU 

SIERILUE MlSCELLARECuS SMALL PETAL hANC ICCLS SLCH aS SCALPELS. 
fY MEANS UF ELECTMILAl IRDUCTiLR HEATING. 

CAPALlfY L.l CL FI 

AUUIC StEMlO HEACSE1 LS9I9 IMll 

IAMPhCNES FCR VARIOUS MSI HEAR INC TESTS 

ILCm METEF. MAIEN MAMFCLU LS9I9 1I2J9 

IN line measurement up «AIEh FlCm* generally a ILh RAlE 
ASSGCIATEO MllH mAIER UCNSUMFIICN BY URGANlSMS 


LSSI9 mil 


LS9I9 1I2J9 


FLGm MtlER. CAS 
HfASLRE AIR PlCh 


IMPECANLE FNtUMCURAPH 


LSS92 mu 


lS999 mu 


MEASURE UMEATHINC CYCLE ChAhAl 1ER1 STUS 

HI. CLEAN UP LS9S% iUU 

linemal purpose Clean lh - spcnuES anu nipes 
A ll. MkUlCAL SURGICAL lSICCC 

FCR VARICLS NINCR SuRCICAL MRLCEUURES 

All* PHYSICLUGV LSICCI 

SFCNGEl. SPCNCE SLUELiEH. VlAiS. CALCMIC SUMCLATCM PCM |A* 

canal, syringes* ihermceums. etc. 


lsiccc mil 


LSicci mu 


AI1.TUCL - INSECT MANIPUIAIICR 

ILCL Air FCM CCURTIRG. sCMllRG. EaAMINaIICN.EIC. 


LS1CC2 mu 


LSICCI mu 


HICRCFHONES GSEC H4.R BlLLCGY. 6ICMEC1C1NE ANC PARREL SYSTEMS 
INIEGMATILN 


PICRCPHCNL amplifier 

amplify signals FNIM AMPEIFlfR 


LSICCI mu 


MCNltCN* VlCEL 


iSlOCV iim 


PCKITGH Tv pictures OF ANIMAL AND ClHER LAB ACUvUIES 


FLMP gas. URCLLA11NC 

FLMP FCR SEALEC PLANT CRCktHi CHAMBER 


LSICII mil 


tlMlM. EVENT LSlOiO lUU 

general purpose ELaPSEC time OEVICF USCC FCR VARICUS PSYCH0MO1CR 
TESTS 


CARCIOCMAPh > IMPECANCE 
ELCOC FLOM RATI FRCP HfARI. 


BLCCC PLUM HATE 


LSICC mil 


tc 29 ilTERS/PIN A/-9 PCI FS 


iSlOl Jim 


PCAtTuR heart CLNDIIICN. ELEdRC/Vf CICRCAROICGRAR h. 


SCRUIIVIIT C It 3 MV */‘l PCI FS 

HIAPT NAtl AG 1C IfG BEATS/PIM 


EEC - ELECTRCENCEFhGLCGMAMn LS1C2 Hill 

RLNIICR ELECThUAL IMFLLSES CENERAItC BY IHE BRAIN. 

SENSiriVlTV U TO 2CC MICRCVCLTS a/-1 RCTFS 

FRELUENCY PtSRCNSf C.2 1C 100 H| 

CHARNELS E 


lYNAMLMEtEM 

measurement UF FORCE GR RCbER. 


LSIOl lllll 


ARM FIEAICN 29 1C 19 LB IlG 1C 39 RGI 

BACA EaTINSICN 160 to 2G0 LB IGO TO 1C RGI 


EPi - electrgmvlgram 

PlNltOR THE MCviMfNi CP IHE BCCY mlSCULAR SYSTEM. 


iSlOA mil 


SERElTiVifV C.Ol IG 9 MV aA-I PCt PS 

BANCrJCIHS C.l 1C 2C0 h 2, C.9 TC lOOC Hi 

Channels i 
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^*«*iCCM 010 C*«M LS&O* nut 

MiBM, »CMrofi Of »fAr« 

C.t TC ICOC hZ. »/>5 fCI FS 

MMAC41C 4.S100I lllll 

PkASUM 02 CUASUIfllCAt CC2 fUCOtCtlCK, kkRlKAL 02 CCMSU^fflOA 
AAC AUrfUAM PL2 thO »CC2« 

C2 VCLLNI C fC AO L/I*IA. */-3 ACf AS 

CC2 VCUittfc C fC AO L/*MN« A/«J fCI AS 

ALVCOLAR 02 20 1C 12C AA hO »/-2 fCI AS 

ALVfCkAR C02 20 10 10 MM HO •/~2 ACt AS 

fCkMCMAMk ALOhHCUM kS««C H13t 

BkCCO ALOh RATfS AMC VCLLAC. 

ALCa MATfe C TC 15 L/MIM. */»3 ACT AS 

VCLCMC fC 7 i, A/-J ACT AS 

TMAMSCllAAlOUS CCAALEM ALCNMfcTIM LS951 tU12 

AlASOKt AtLSk AAVt LCMICCM. 

ULIAASCKIC SluKAk t AAO 5 Ahi 

AtlSk »AV( IS112 ltU2 

AfASUMC BLCCC VLLCCtTV 

vuccilir J 1C ts M/s. »/>0.| A/S 

(ACCMSUA • ClCVCLk IS9A6 lllJl 

MCRALCAO MEASCAtNC OkVICk. 

LCAL HAMCE C 1C 300 MATTS. */~2 ACT AS 

RCTATtCNAL SAlkb *«••••«•••.•• AO TC 9C RAM 

LllTfR CHAIR > RtlAIlMC LSUA tlllt 

GRAym IMCUClMC LiViCE AMU MUHiCKTAk bORA TABk£. 

RbTATICM SAkfcU t TC «0 RAM 

LAMP - LUMtR MCCT MEOATlyE FRESSLRt LSU5 ttlll 

MEASURE INIEAMAI. BLOV ARESStME ClAAEREMf lAk. 

AMESSURI CUAEMEMTIAC 9C AM HO lELCb CABIM AACISMI 

tAERCtSEM/EROOMETER - ARIAATE LSIIS 11133 

ARlMATE EAUICISER AMO MCRALOAO AEASlRIMO UEVICE. 

CAIORIAETRV MOObiE ~ ARIMAIE LS9EA 11135 

ACRTA6LE AMC CCLAASAlLE OMIT MMICH MCLSES. AEACS. AMC AMAIVEES 
THE PRIMATE SAECIMEM MlTHlN. 

A02 too ♦/'lO AM HO 

510 */>20 MA HC 

Pr02 E MM AO OR LESS 

AH2C 12 */-3 AM HC 

TEMPERAIURE 77 */>A A 125 ♦/-2 Cl 

MASS MEASLMEMENT LEVICE • ACCI LS5i1 lllll 

total IOOY mass CETERAIMAI lOM OV CSCIUATIMC ARECbEMCV. 

MASS 125 TO 2JC LB,«/-C.I ACT AS 

15C fC 100 MOI 

LlOHllMO SYSTEM - ALAMI LSIOIB 2I11A 

PRCMlStCMS ACR LIGHT PLAMT CRCklMG AREAS. 

TVAI LIGHT CATLICHI-ALUCMESCEMT 

iLLbMthATICM 1C2 A I-C IllOO LUN/M2I 

ALAMT OROmTH AML SLPACRT CCMTAIMEMS LS1015 12II1I 

RARIOLS SUE CCMTAIMER TC EMy IRCMAEM Tit HCkSt SEECLlMOS. 

CAAACI. CA TC 2C-CM ALAMiS 

CELLS/TlSSbk HCLDIMC LMIT LSIOIB I2I11B 

CCMBIMAIICM mCLOIMC UM II/IMOLRATCR CCMTAImIMO ELECTRCMIC ALUC-IM 

carabiiiiy aqr meascrememt uevices 

TEMPERAIURE RAMOE A1 TC UO A 15 TC BC Cl 

PCQ2 IBO »/-5 MM 

PM2 ECO «/-20 MM 

PC02 3 AA CP LESS 

total pressure IBO «/-20 MM 

RELATIyf HLMlClTt BC TC ICO ACT 

CELLS/IISSUE HOLOJMO LM|1 LiCHllMO LSlOl? 2II1B 

PRCYISICM POR RRCYICIMC CCCl CIAELSEC LI&HI 

ILLCMIMATICM 5C «/-10 M-C 

TEMPERATURE AMBIENT 


A-ta 
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IfCl-NOLOCV 


CClkOfNSAU TAKRS 

CfVICC fC OMCkltSt SlfAR IM iERO CRAVITV 


STI02 11131 
srici 21113 


lAMkS lOR srORRCi Cf CCNO£MSATf 

RtCSSuRk 20PS1 (1.3t«10£S H/R««2| 

SUPPCRI £LCCr«CMCS STOCR 21114 

kL£Cr»CHlCS SUPfOMl CCRMUH ICAT ICRS EXP£R1R£NTS 1RCLU0IR( 

PliLf iPLEXCRS miH CCN¥£t1£PS AMO 0SCIUA7CPS 

C SCfCLCSCCPE S10CI 21111 

AIKIIUA* MEASUME ARC PAlhlAlR ElECIACRIC EQUlPRERl OPERAIIRC |R 
fkE L-CANO RARCE (3«C fO 1S9C RH2I. 

LSEO IR SfOlS. STC2St SfC3S« S1C4St STCSSi SI06S* SfOTSt ARC 
srcs. 

AANCmIOTI* 3«0 TC 199C MH2 

charnels 2 

OEFLECTICR EAC10R 1C RV/Cl¥lSICR 

PhCIOCRAPHIC CAPARIL11V V£S 

lAPE RECCRCER* OUIIAL SICCI 21111 

RICGRJ ANC PLAVCACR OP CICIIAL CAIA 1R SLPPORf OF PICRCRIVE 

iRTERFENuMEfER ARC IRACRIRC I RV£ S I ICAMCRS. 

tSEO IR STUiS. SIC2St SfCJS* ST04S« STCSS. STCRS* SI07S ARC 

S1C9S. 

signal ivpe c tc s vcc 

BANCRiTh ICO 1C 290 KH2 

CHARNELS 4 (RlRIRIiNI 

CATA REOuIREMERT 2 HRS (RIRINCMI 

(AIA BLPPER stoic 21111 

CAPABILIIV TO ACCEPT ¥£RV h|Ch OATA RAlESt PROVtCf SHIRT CURAT ION 
STCRAOt ANC LOhER RATE CURP CAPABlLlTT. tSEO IR StOlS. 

•ORC LENCIP « TC 12 tIT$ 

OUTPUT RATE VARIABLE AT U TO 9 VOC 

SIOPAGE OURAIICR IRFIMTE 

OICIIAL Phase AEIER STOII 4|1U 

METER TO CISPLAV PHASE OF SIGNAL MECilVEO Of RICBCRAVE 
IRTERPERORETER 

•CCH CCNIRCLS STCI2 11114 

CCRTRCLS FCR AtCROfeAVE IRlERPEACAE UR BCCPS 

AICCRCER > STRIP CHART SI019 Itlll 

AtCORO analog NiCRORAVf RAOIQMEUR LAIA MCRIIORU^G SEA SlRFACi 
temperature arc ROUGNRESS. 

USEC IR STOIS. 

FRECuERCV RESPLRSL 190.0 Hi 

SERSITlVlTV 1C RV/UlVlSlCR 

CHARRELS i 

INPL1S 2 

signal generator STOU mil 

ACCURATELT REPROCUCt IR PULSE FORM THE OUTPUT CP A MICRCaAVE 
RACICMIIER MONITORING SEA SURFACE STATE ARO TEMPERATURE. 

USIC IR STCIS. 

REPITION RATE Ch 

OUTPUT voltage ♦/- 9 VCC 

SPECTRUM ANALTilR S101I 11111 

SUPPORT SETUP. CPECROUT ARO SIGNAL OLTPuT ANALYSIS CP RP RAOlL- 
MEIER UNIT ANO. SHEEP RECilVfP ICRT CISPLAT OP SRfifP RECEIVER A;<P- 
LllUCE VERSLS PRECLENCVI. 

LSEO IN STOIS ARO STC2S. 

BARChICTP 30 TO lOCOO RHi 

RESCLU11QN i t 

sensitivity 1C PV/OIHISICR 

CAMERA - still IVlSIBLil ST02C 31111 

STILL PHCtOGRAPHlC COVERAGE CP T lE EARTH TARUCt AREA IN THE 
VIIIBLE REGION CREOulRES SIMUL*^^i:VS PHOTOGRAPH IN THE IRPRAREO 
RAMGEI. USiO IN SICIS. ST02S ARO SIC S. 

ViEto angle 14.9 CECREES 

RESOLUTION IOC LlRES/MM 

FILM format 9 INCHES 

shutter • U 1/BCCC SEC 

DISPLAY URMIRAL ST02C illll 

TERMINAL CONSISTIRU OF ALPHANUMERIC MVtCARC ARC CRT CISPLAY PCM 
MCRIfORINC EIPIRlMfNt ACTtVillCS 

CCMPUIIR iHll 

CCNPUTER CAPABllllV TC PMOViCt BASIC PCIRTING ARC TMACRIRG IRPCR' 
MATICN relative to ATL STABIL11V ARC PLIGHT PATH MEGUlRlMIRT S. 
USEC CR STOIS. S1C3S. SIC4S ARC STCSS. 

ST02E 31111 


ClSPLAV HIGH RESCLLIICM TELEVISlLN MCfURIS IN REAL-TIME CM PALM 
VlOEQ TAPE. USIC ON STCIS. STCiS. SICiS. STOrS ARC STOSS. 

HESCLUl E29 L IRE S 

FRAME RATE JO IPS 

SCREEN SUE 14 IN US. 4 CMi 

CATA PROCESSING EuUlFMtNl S1C39 Hill 

IlCH SPELC CIGITAL CATa CLNVEkSlCN TO ANALOG FLRM CCMPATlBlE FCR 
meal time DISPLAY. LSiU ON STCIS. !1C2S ARO ST03S. 

CHARNELS J2 

CIGITAl-CaTA 10E«CC BPS 

S1CRACE - UAS SCURU SIC4* Btlll 

CAS SULRCE STUMAGE BUlUES CAPABLE CP SICRINC VARtCuS GASES AT 
HIGH PRESSURES. SIMILAR 1C STANCARU n-BCMLES. USED IN STOIS. 
S102S ARC STCIS. 

VCLLMC - PHYSICAL « U M LA IC.U CL M) 

pressure HAElMLM 1UC>. PSl 

CENERATOR - AERUSLL SIC4E 111J9 

capability TU PRCCULE pine llUUlC VARTlCLfS RlCulMlC FCR VARlCuS 
EAPERIMERTS. LSEC in STCIS. SlUiS ANC STCJS. 

UNERATCM - ILN SI04I 11113 

ICRIit AERCSCL PAPTICLIS Su AS IC CBSEMvi ilML GRAVITY MCUCN. 
LSfC IK STOIS. STU2S ANO STCJS. 

VAfCRliER - ■ATER STONd vll35 

capability IG pRCVICE CCCL M/IER VAPCR IC EAFEPIMEM CCN1A|NER. 
USIC IN STUlS. SIC2S and STC3S. 

LICHI SOURCE STSA9 21111 

FCRIABLE light SCLRLE LSIC for PHCICuP/Ih*NC EAPERIMEM CPEPA 
TICKS ARO RESULIS. LSkO IN STCIS. STC2S aaG ST03S. 

ILLLMINATICN ICO IC ICCC LlMINS 

OlSlANLE LF IC 3C FEET 

ENvlRCRMERT CHAMBER SI090 Ill39 

.. OMLCIAL CHANAER LHUCAL PRCPIFIIES OF AERCSCLS 

»MH CAPrBlLlfY 1C PERlUMBATE IPE ENVlRCNMENt mITH ICRS ARC 
CBSERVIRG TM AERCSULS IHRCuCh A MlCRCSCCFE ARC PhCTCCAAPh |RG THE 
SCENE. USIC IN STOIS. SIC2S ANC STCJS. 

MCPCSCOPE ST09I 21111 

HICMCSCUPIC ElAMINAllUN Uf AERCSOL FARIICLES IN lM| VISUAL RANGE. 
ALSC CCMPAIIBlE HllH BICLCGICAL ARC METAlLRGKAL EaPERIMIRTS. 

USIC CN STCl. S102S ARC ST03S. 

MAUMMCATICN MARGE 90 TC ICCC I 

PhClOCHAPHlC CAPAdlLlIV YES 

CAMERA - CINE SIC94 Atm 

PHCTCCRAPhIC RtCOMO OF Tee AClIVltY CP AIRCSCL PARTICLES IR 

NCPMAi. Slur mcticr arc time->lapse secuences 

LSEU IN STOIS. STCIS. SIC3S. ST04S. SIC9S ARC STOAS. 

VIER ANGLE 40 CIGREES 

RESCLUTION 2UC lINES/MH 

SHUlUR 1/9C TO 1/9CC SEC 

FILM FURMAT lA PM 

camera speec 1 . a. ia. E4 fps 

TAPE RECCROERS 1H1GH>SPEEC MUL T IChARRIl I SIC9A lllll 

PULIIPU CHARNEL HIGH SPEED ELECTRCRIC OAfA RECCRCING SYSTEM. 

LSEO CN STOIS. STC2S ARC STCJS. 

BANCrUh 1 MHi TC i.G MHi 

CHANNELS 14 

SIGNAL lYPE ANAiCC 

SPlCTPCMkTEM - CAHMA ray SIOAJ lllll 

MEASURE SPACECMAPI uAMMA mAOUHCR BY UR YCGf NICALl Y CCCLIC LITH- 
IUM CMlFTfO germanium OETECTCR hITH AN T I-CCINC lOENCE SHtliC. USfO 
IN STOIS ANC SICiS. 

ELECTRCMAGNETIC ENCMGY ICO REV tO A mEv 

SPCC1RCMEIEM - CMARGfC PARTICLE S10A4 lllll 

IHIMIY MLlTI-rIRE PRUPURIICNAL CCUNIFM rIIH iRlIRVERtRG LAVERS CF 
TISSUE EGuIVALENT PLASTIC. USfO |N S101S ARC STOIS 

PRUICN EREMGl RARCi ••••.••.•• 9 tC 210 Mfv 
CfUlERIuM ENERGY H ARGE..... ••• 16 fC 300 Mfv 

IRIIIUM ENIMGY RANGE.. 19 TO 230 MlV 

PllluM-3 NUGLII INERCY RANGE • 2C TO 4CC MEV 
ALPPA PAMTICt INERGY range ••• 29 10 490 MVE 

SPECTPCMETER - RtuIRCR STOtS lllll 

LI%UlC SClNllLLATCa hIIh ARll-CCIRCIOiRLt iHlElb PULSE SHAPI 
I ISCRIMIRATOR. USIL CR STOIS ARC StOlS. 

NfGiRCN ENERGY RANGE .... G. 9 TC 19 M|V 

lAlA CCNVERIfR - ARALCG 10 DIGITAL tlOA I JItll 

CLNVfRi analog SIGNAL CATA TC UiGIlAL DATE FCR RIC0R0IR4 AMO 
lAlER lumping TO GROURO STATICRS. lSIO OR STOIS ARC STOIS. 


MCRITOR - TV 


Space Division 

Ru't K ji ile.'t I If jfn>i (,ii 


» III- 1 Jlyl,, umi 

PfcRSCwAL tAOIAtICR OQSfc, OOf R4U AM tLik 
MSrUHk. tSIC U )IClki SIO^S ARC SIOIS. 

Uli» PAll - 0.4 RN^MII 

C - 4C00 t/MR 

CC5IMtUli - )(-tRPCLUR|RklCEfcT SfOJi 

PASklvl UOSiMfcTkH LS4RC SCIRCt 1C RCRlIOi HAClAriCR. 

till: IK 'jT:;is AKC 

iKt*<LT f*%Lt LiUSt I TC 101*09 ARCS 

Nti-MUHAiuf stcflc mil 

ri-c.Ul A <0,1. STLHACk AftfA IQ hOtik iPtClRlh, |R HOIS* 

I ic<;S ANi: jIc is. 

IiH Hn.il Urtt j C Al 

>ln Ai-.*. ■)•AULV i A / A 1 1 f I lA/ 9 .AU^l 

LClLUV u*. -tr lNVIMCHRLRIAl CHAMBAA STCe 1 lilli 

Ai.H luiLKIkS LF BACUAIA ahlLh CAN Be CBStAvkU CLAiNC 
Ix^lMlAtM. CSlC IN SICtSr *TC^S XAU SiCiS. 

Vl/t XP»>AOAtnAltLV 9 X 9 X r IN 41J X ii X lA CPI 

A ICALb tCLi.ulC At SAAP«.i SIQAAOe S(0fc4 < 1 1 U 

MCMAul HAi.^ H.m >AAt.t>1XPIc PtASIU eXu, SnAAS ASC CAPSCllS JC 
LISIPC^ AXLltKiX IN CASk OF eikAKACF. USfcO IN SlblS. SIC.4$ ANl 
i U JS. 

VUt APhNGXIAAULT 1AA1J16 IN IA0IJJA19 CPi 

ipclamuh siQfci imi 

CCPIAlStP tSkL TL PAQ%|Ufc tfAMAAlE UPPkKXfcPt fcNPIMOAPlMS FCA 
feJC>CilNCE S*-(ClMtN. tSFC IN STUl&t ANO STOJS. 

SUI APPAQx 1MX1LCV iX1.9xU.:» FI IdbxMXt) CKl 

rtMFtMAlUPF IG lOC F lAL Cl 

CCLLltK l-x IMtK-cCCMk It StSFA ttlli 

FPiviCt Atlv>NAUL rtCCCC ANALYSIS ImFMQCLCHIN, HFpATCCPII, RFC 
aLCtU CiLl CCtMf ■t'JIt ILLiLl CtiL CCCNT* PLAN LkAl «Co.PI| ■! XN 
ClLL MNLOLtklN ANv 1I*S CuNCkN IMAi ICA I * iSkU IN STClSi SIO^S 
XNC SUjS. 

SPU t><CNk I tH - %t,LuAEIPtC STCtS mil 

rRC;jlLk A PhCTQCPxPHJC PfANS Ic PfcXSLRt IKCfc^FNCtAT YLLLAk CF 
CELLS ANU i.FLl shapes. L SE U IN SlOkS, STQ2S ANC STOIS. 

tiEciPi PHUHrsis APPARAics Sice# mil 

■ EASUAt (Lt4.rN0PhijRE S IS PQallltr. SLHFACE /EIA PLIEATIAL. ANC 
SlPFAlI ChaAOI CkKSilY GF CELL L I Al S CVEA tHElP L If E CrCil. CSLC 
IN SICIS ANL STL^^. 

SIJSi. mil 

vAPlMlLE LMAVlIt «N%1ACNPENIS IL btCSLlENCE SfEClPiN 
<INE*ALtr llMHlL tC lESI-MBE SICI CCNTA1NEPS. CSEi; U SfOlS. 
!R<S ANC SIv.3S. 

CHAElfT liVH INLCCEU Cf 1C lO 0 Af^UlREC 

PwlSSuNi 1 ank SICSA Aim 

PXCflLl PPESSUPI SCLMCk fCK NAIEP FCIC StSTEP 1C SffAR CINiRATCA 
t xf cR iPk AT 

CPLNAriNi, PHESSCME IwC PSlIA.-tAlCtS N/P««^| 

»AUii XFSfNAClP aIIH FLATEA SICAA llllJ 

SURE bAltP FUA STEAK LeKERAIuR EaFERIPENT 

UPFRAtiNC PAESSbAf ICf S I U « C F X 4 Cl > NyP«R<) 

fcpp Slice mil 

PCAP toAIkP 10 SllAA LIMtixlOP 

ALCP PaIE c.l le/HA lu.CASaC/PlN I 

SItAK itAlPAlOH S11C1 ims 

LEAisi rc (ikNiKAU SiiAK it nnr. CrPAwiiv 

A ‘P YAKPl E CN 1 T SI tot V m 1 

PlPliUll. CCtttLiiLN IF AlP SAKl-LkS FNcP ME Sf^LllLL AAC AIL 
»NC«4i|Sv lift* PAlt CF Chance ANC vCAUFlCAtKN CF PURl- 
tPt.ANi!HS XAC NlN-vlAKU PAKliCLCS. iSlC CN SICiS AAi tICJS. 

1 ip[. met m II 

TlKlNit AAL «A#.lXolt PNCCAAPPINn CAFA«|Lin> U CftKAtt ANt. (CMPCI 
rxFiNIPiKl AS( SLFPLMIIAC ILLIPKENI. LYLC IN MOIS ANL !lLJS. 

»CPA PINCH Sflik k.llA 

FACYlUk A *CHA APIA lPCN AhICH kAPIRIPtNIS ANL PA|N||NANCE NAY §t 
FfRFlPkIu. INCLCSfC SlCPAsiE lU rt JNCLXPLRAUL |N t|NLE. liSlL 
LN srois. SlL.'S. SICjS. WOAS a .l stcas. 

>1/1 APfA^IPAltLT .......... (A3 aA M It.bliC.^iAl./ Ai 


|At>i ^MlHIIn. /'.Alt. M.E'. II. 1. 

► Illfl irt.HI. »-* ASi (ill IAl« 41 AA. , 1 / M |w« a|t... 

F .U I • . L' » i. IN I • . - , III-. AN,. I • • ‘ . 

nAM»|«1l It . . ■> Mh/ 

NlllAOjNC IIE*-Al »i li. , 4^ A«., 

CfANM (S i 

lAstP siiit imi 

Plii.l*4 tCAlL LAMP fANtlNi »'.I1P AlASL-IM aANU, LIM-IF-SIlM 
ANCLtS. ANC mAAIL •'Alt MlttllN AlL/tHLiTiE ANU SlPANAlt .AC* 
WttUiFS INCluLINL HANii .1 ill iL .^LCNL. 

■XANtL luLlfiANut *f- i.lb IN |#/-J LP) AU-..Nf 

LCCflPAIlvt IAPllI t,r.IANCt .. iCl AN iSSt API 

NFLt U t A - fir SI 1 4 / 111 i . 

AlX'i<.i>k LL tt IE.. A At M I It |NI|-lir<lMl Ai UA'clML AllltCwi: IN I » t 

1 t-iwur ALT S/*! t IF. »• II P. ^ It IS t r / . I M C LS « I0 2S A^c v IC * % . 

LfclNAAl SeIlI**!** ‘CC *E/ 1C It gr/ 

>PtClllE llrAlr. niAjUAt.... | . I II l.E V#r*/ 

• -Lit If 4, J C*-i 
i.‘.* I, it.jt &e4 

I f It it .1 PL - PC IN r iM SI I . . • 

I-IIMIN.. iHl litl .1 Hr At.l.». |A*-|PI»(M PNINuPENA it 
IbSlXEl AM lEX.^tt IN >AlE 

I i ■IN SUPI'L » Sl| / t . I . . . 

tlEClPlLAl PGkEH It LULl Al ILN AN.. L 1 L I « 1 bu I : C S Al -IVvIfitL AN Al 

wXPUeLl vlliauE aan.es. L>El |n '.U 4 S* .Ujs a-r SU^t. 

YLLlALt : 1C /N VL^ 

PC*EN 4Lt Mills 

SlNtlM^Mf L.CS YOI I 

rUt -cf A . >1 H Al ST 4 / } 1 I 4 

M(l-C ANu PLA^rHA i lLllAlLT UtMAAlfC CAIA FPL* A *.Ajlf S»Sll-. 
1 SEC LN Slu.:S ANL Slw J L . 

EANlKlLlr I' tC pfi 

signal iLlTXt. 

crANNiL i 

EKlfUlNL T ml It I .T|SE lit.. 

PMSLPE FP I wor NC ^ t r(»*ILu. NLLIIFLF PtrlCu. AVtAALi MAlU AN;. 
MLlMVll Killy I'F VrI H-tyUENH tCtPLIS. LSEC IN SIOJS. 

rANl .lUlr , 1C II, ICC Hri 

St NtJI I > I I T */- / I 

L AME NAf !■ S104t!liH 

REAl-MmE vUmINu uI lAMCll AfilASt r '•M maRa a<«L SIaR f|e., 
IPALRING, ANC SENSLR aCK E S i GH 1 I NC . 

LSFC LN SICAS* SICtS ANL SUES. 

%lEM ANGif e li 1C lEt'MEE'. 

PESULTK.N lO/> llNej 

PAS> aPElIPUME lEM SlUJ mil 

ANAirSlA uE GASEULS LuAclSIICN PFULllIS FiMm|L IN 4!ERC CAXhllY 
AlA MASS SPtCiaLSCJPY. LSIO IN ilCAi ANC SICAS. 

MASS range I rc iclc aml 

scanning hilt AC PSEC IC ACC SIC 

SENI I I un V I I 

LAS L^LLMAtiiGNAPn SI.FS .t... 

■NAcrj|> L* LLKbLSIlLN PPCwtCIS ECR FLAME CHEPISIRY kAKtR|*ENIS. 
LSIO IN SI IAS ANC SICES. 

♦ ERI IE fi SI 1 EE I i 1 1 I 

PIASuMk riMFrRAlLRE LF LCPblSUCN PAlCeSS |N FlAKf LfIPHTRY 
IfPEWlPENTS. LL:C in SIC*S ANC SUES 

IlMfERAlLPt KANct C IC FCLC LFl E 

LLRriLSIlCN LHAMelK Ulta i.ilS 

LMAiiaiM ■riRl Fuel S ANL GFIUI/EMS AN E INylllEL. AILLAEL ll bLRN 
ANL lH» Fl AMC capable LE allNC MCNllOkO. 

>|/t APPR* > |K Al I 1 V t.fal LIA A l.S El 

IL.Sl CIX I 1.0 M» 

IAN., - f ul I /t. f IL 1 4r» StllN Ll JS 

l«Pt Iana:, CAFXttit lE Ii-IN. lCrRCSIRE -lElS a*C 
irlLi.lHS IN 1M Sum I II lAdOrAl.-t Al iC-» PRIjS-Nf*. . 11 .. IN 
1 iLN 5 ANl S Hi . . 

.1*1 APl'LuA IMA III T ,.r‘ L|A t J »I 

t .4/t t,lA A M. 

CrAMdlA. LuflllAL IkSr IllA« illH 

tlAMHlM Elm Pl-Ey*MANL| lE SLPE-FiUL .'kllwF XAiC tUylL tPCP/ 

►Ar II U t E APM IMEk I S 

l-E^ SIGNS RE lit. tSKICLBl 


4 Ci.CSlJC SrEAKlM 
^AVriCti 9 C 511 I 0 NIMC CftlvCM 


snif *iiu 


F*C(U(feCt SO TC ICRNi 

PiJSMETt StPEfiCCIiaLCIIHI. ST |f C 11112 

^ACMET fCR OAOR/RAATICLE ROSITIChUC 

RCrOAfiLCCTHJC STlil 11111 

MClUS fan CMMiR CR|«E SVSKM 

CP>QSTAT - HELIUM SI1«2 11111 

CEaAfI 1VPE STUAACL COATAIHER TO STCAL AAC ClSPEflSE LJCtiC HEL ItM. 

VUE APPROAIMATEiV CIA A 1*7 M 

U.9 I 0.05 Ml 


STlil mil 


ST 1^2 mil 


PRESSURE MCNITOR 


STliJ IIIIA 


PEASURES PRESSURE IN TEST CHAMIER ARO OISPLAVS CIOtfALLT 
lIPPERATuRC MCr ITCR STISA llllA 

MLKIIORS AND CuNiROLS lESI CHARtCR fIPPERATURE 

CCPICS 1 I 0 N CHAMilP ST 2 C 2 11135 

CHAMttA TO ElAMINE COMRLSUCR IN 2 ERC CRAVlIf 

l.ATHIlC.AMRlOlA.AA.OMt U22PI 


ELECI4LR SPIN RESCNANCC/MASS SPkCfRCMElER ST25E 11112 

IClNTiE'' CCHSTIIuENTS CF CCMttStICN PlCCtCIS 

TERPLRAIUME SENSORS SI2A0 Hill 

SENSGA rc MEASURE TEMPERATURE CP CCRRLSilCR PROCESS 

temperature ramge;:*ti icco tc sccop 

PRESSURE SENSORS ST2AC 11111 

SENSORS fO MEASURE PRESStAE CP LCMRLSUCN ERPERIRENT 
PRESSURE RANEE... TBO 


ST2AC mil 


ST2A1 11135 


STORE PUEL FOR CCPRLSflQN ERPERIRENT 


pClURE 2 CL.PT. IC.C 55 Ct.R.A 


ST2A2 11135 


STCRE CRICUER POP CCRRLSTICN REACULN 


VOLUME 


INERT CAS SUPPLY 


.. i CL. PI. 40.55 CL.P.I 


ST2A3 Itm 


SUPPLY PRESSURE PuP. ERPulSICN CP PLEL ANC CRIOUER PROM STCRACE 
I ASPS 

volume C .22 CU.PT.IC.OO* CU.R) 


STAC EL LAMP 


STlil mil 


VAMIAALE 0 ISCNARCIN 6 STRCRE LIChTS aHlCh ALLCN THE SfCPPINC OP 
MCI iCN. 


STRCRE CISCHAR 4 E RATE 
CRITICAL SIAlt IES 1 CLLL 


TC lOCO PLASRfS/SEC 


ST20T 11215 


Space Division 

Rockwell International 


TEST CELL TC TEST CRITICAL POINT PHCNCMENA. TEST CELL INCLUDES 
A THkRMAL Shield, HLAI ERCHANOIR, MlCPCMETtP, chamber, StPPCRt 
EilCTRCMICS ANC PRESSURE TRANSDUCERS 


ACCU 51 IC NfASURERENT CEVlCE 


ST21A HIM 


CEVlCE CCNSISTS OP AN ACCLSilC CAVITY, AN CSClLl.ATOR ANC A 
CUI 1 AL display 


PCCL MCILINC lEST CHAMREP 


ST2IR 2I2J5 


CHAMRIR TC EVALLAIE POCL BOlilNC PHERCRENA |N |ERC CRAvITY 


jnsirureniaticn sensor SYSTEP 


SI 22 J HIM 


SVitER INCLUOC lERPERATURE, PRCSSLRf ANC ACCEL ENCPE TER SENSORS 
CRYSTACUCH SARPlI IhAPRIR SI 255 11115 

CHAMREP fCR UPOVlNC CRYSTALS U 2 ERL ( 

SCHLIEREN type optics system ST 22 T 11135 

OPTICS SYSTEM IMPLCYINC SCHLIEREN PEIHCC TC EAAMINl THE STRUCTURE 
CP CRYSTALS 


HCLCCRAPHIC intirperomiter 

CPvlCC TO EAAMINE STRUCTURE Cf CRCVJNU CRYSTALS 


SI2J1 11235 


ST2J5 21H1 






A.21 


SO M-iA 


ILNS NAVI&«riClk 


IM4C«|I^U AHUNNA SEAvC ELtCtACMCS CNciA 

CLfCrRLI«lci ton AMENKA ECSlIICKIAo AAC CCAlfCL 

iVPt IVPE il LCLP 

CAIK Ci:AkfAM I.SEA PfeA i( C SktAAEC 

bAhCblCrA ICO »i/ 

PICfcIWlAf i AANC CACAl 21111 

bkCElvE i aAbU ^UNAL) 1C OEPCA^IRAU 1 HE CPkHAllLAAi PfPACAHAAlE 
Lf iVPtCAl SPACiet^MAfc JMEbf lACMl UPS FC« AlACAAFT AAD PAHlHE 
AAVIlAI RNy tPA^ML LLMHCL. fPACK <1CNAL PcASt. 

CAbHUP »NL<.ttNC> ISC^.I!) 1C iSlC.<» Phi 

S£AHIIVlT> >12C CAP 

nfcctiViA ftPt PHASE LCCa, StPkHhETEHCCVHE • 

MAEt PAECCEKCVi ACC 

LVNAMlC HAHCE AQ CE I A SI AK I A AE CL S 

ICO CM total 

PPfUE I tLIlLK Urn t Phi 

SbfctP KAlE TLMI 3 PPH OH CAAMlLP PPEC 

Pt'ASl LLCi^ ICCP SSH AC LE 

kfcCtlWEN NClSt MLLHE S 06 

Pr^ASt LCLA LiAiP fcAALklUrn 1C HZ 

HECki^iK, caqaa sun 

HtCUvl kHF SIGNALS FUM OkTAiLkO E^AlLAUCN CP PEHPCHPiACk CHAP- 
ACtkM 1ST ICS CP IC»S/GPCCNO/SHLlTkE LAT4 llAA. PRCViCfl PkPlEP Cf 
PkCLlVkA FPLNT kNUS MHiCH CAN 6t CCNNkCTkL IN ClfPiPCNT PkClIVC 
CCNP ICLMAI ICNS. 

CAPNUH HPtCLkNCY U6 1c UC Phi 

SkNUimiV •/- 2S HHZ 

CAPHUP/NCiSk CkNSIlT HAtlC •• SJ CtIN 

CATA RATE ICU IC ICCC OPS 

PtCkiVFR, KL-BASC CNCAl 1I/3S 

PfCEIVl Au PANC SICNAL fCA OtfAliEC ESALLATICK CP PEPfCHHANCC 
CmARACTERISTICS JP ICPS/CAOLNC/ShlTUE OAlA LINK, 

LAHhltK fhkwCENCV li«A TG 1A>2 LHZ 

SkNi I I 1 '»n t * «/- ZS Phi 

CARP Uh /N ol Si LANSlIy MA1IC .. SE Oh/hl 

CATa RaU 100 IC ICOC 3PS 

lata CP TC viCEL 

RICtlVlR. S-flANC CNOAP mil 

PECkl«l S cASC SICNAL PcP JEIaIlEC EYALLATUN LP PkPFLRHZNCk 
CHARACTcR 1ST ICS UT TOP 5 /LkCLNL/SM T PLE CAIA LlNP. 

CAbPltM fftwLkNwT iQii It me Phi 

SkNSl I l»l IV »/' ^hi 

CAKf UR /Nwi Sk CCKSIIV RATIO .. ES Ce/Hi 

CAPA RATE ICO fC ICCw APS 

vciCi 

RFCklYlR* LASER ELLLIRCMCS CH0Y9 I12jr 

PEHPCMAS cam ^k pi i^HA T I INC hPLP lASLR LARRICM BEAR 

iranshittlhi VHP CNtsc mil 

PRCvlOkS HEDItH PCaLR CcTPuT PCP IPANSHISSICN TC TO>S PCh kwAl- 
LAPIIN or PkRfCPHANCl CHAR AC U R I S 1 I C S . 

CAPPUM FMElcENCT Ilk TC lAA Phi 

STAhlLlIV 2t K»2 

OtTPUl PQliEH 1C bAllS NAI 

LATA RATE ICO TC IC.COC IPS 

SILHAl EANCbTClF C.l Phi 

ClIV CVCLt 

lAANSNITTLN. At 0ANL CNCSI llitJS 

PROVICI AO AANC SiCNAL FOR EVAtLAT ILN Of PtAFOPHANCl CHARACTER- 
ISTICS UP fCPS/cpcuRto/SHi 1 III data linn. 

CARRIER FaLCLLNCV IC IS.IS Qhd 

STAklLltV •/- 2S Phi 

IRANSHITILH PtibfcR ICC HAllS 

CPPICUv^ RACIATfU PCnER 3J CPb 

QATA AATi 1*U HtS 

Yioir 

Culv LT. 4 .C .••••«•«•••••••*••• cchmnluls 

signal ttSHOblOlH SCO RHZ 

laser ASSIHBLV - C02 CNCS2 11111 

PPCVlOL SLOHLL CP CUrlRINf tPTICAL PNkRCV IH 61 CSil TC PEHibt 
ANC LAUNO nNCpLLCLL OH iHt CSt OF tAilRS IN SPACE Li-RRcN It A I ICNS 
APPL It AT KjNS. CLRIAINS UMICRL IRANSRUTIR INLLLCINC i£AR*lCIH 
CtNiAtLi HUULLArCH* AM tiiULiNC SVSTER. 

lAStM C AV 1 I V 

•AYtlLNClH 1C. 6 MtPtNS 

LASlNC MOOt .•-.*■••••••••• FLNLARfNIAl |fEP««l 

CPPICAL ULTPL* PCNIR .«..*♦ 5 bAIIS AVERAuI 

IIP It ILNLT S PlRtEHl 

ROOLL AVCR 

TVPE 

LAIP rate P6PS 

t Al INT Tits A AT IL «C CP 

CCtLlNt SVSU- ^ ^ ^ 

tCOLiNC “LtEU*. LtNLvtTlRk* PL LlCtUS ALiCalC 

VEAL LOAC 4CC nATTS 

laser ASSFRPLT - NCIVAC CNCVl Hill 




Space Division 

Ri i( kwi II Intel nf)hon,il 


H ►L V 1 ' I Suchl t >I| A« iNt^-LV I* rl cSFC li ^iFlNL 

A..L INI.Nw . I L » I .» LASl*«S IN S*-ACt * C* ^ '.LAI| ,, 

AFRL IL AltUN^. t.lN|A|S. 1. 1 I | . 1 1 l-ANSH||Ie« INlLLCIN' it/to.lt.M 
LtMr'l. “JiLlAI.i, ..\i . -IIS. .1 11^. 

• i . ► . A»| 1 . 

eAviLlNi Tv i.ki xll.^LNS 

lASiNL r^NLARrMAi (lE*..J 

LPTILAL LclHLi ...... L *A|| Abt*..l 

IFFICUNCV 1 RrAtlNl 

•wLLL A lUR 

IVHE ICilAL 

LATA ..All i uCi 

LA I INcT UN R Al iC .wLr 

cwclINl bif .Pi- 

(l^fLlNv^ M LUcl..'. Alil'iiiu 

i-t L. .*.w v-J *tn S 

LiSr.< lINn, LcLc.-t. Ni.;?A . ii;.. 

l^.ilLi Silur. E !• i .»!:•£. EMRCV I. I t‘l < -rilN< 

A.'.k IaIeNu N.«L*LLi.ii •«! I L.4 k.4 LASERS 1* .RALL t . * * . a t C A | 1 1 . . S 

XFUI^AIKNS. L' MAI . i.*Il.Ai ImANIHJIIM. lNiiH.|Ai ||A»-Iil» 
LLMRLLi HlLLIAIur. i.i'LOii><. .:-N«. utLl I No SvvI(h. 

laser LAvt I 1 

aAvLLI Nl w. * . R|t-- NS 

LASINO Hole EuNLARINIAL lit*..) 

tPTUAL U IHL I RcNtF w.i kAllS AvIRACT 

EFHlLUNtt •..! RFRleM 

HLCLL Alt*- 

IVPt l%.i I AL 

CAlA -Al I whRS 

LAlir.cTlLN rAflu .......... 4. .0 

CttL|M< SV.TF- 

tCn4.1Nii HeTroL LLNLitlMt. NC LILoUi AklOkEC 

REAL toAI. 4CC •All*. 

LASER EEAllN . MEiAi. LNcV. I Till 

SERVE AS A Llorl SLL«ol I.- lAMlllAlL ALwLMiTKN As:/C- l-AtNiNg 
FrLR a LlsIAM loR4*L • I*. A I UN IIrRTNAl. 

dCACLN ITRI w-NH|ltHtJ LLoUlLu. "LLTIRCwI 

vAV I 1 * . 

• Ait*.tN..ll •*’ HILRCN. IPAMlRRlLI 

RtP RAl( *. •-»: 

ENLRoT/RlLSI *'A Al C.Nl RIlRLNS 

PLLSLiiIlI** *StC 

RgRF "E It .1 E i A*n Pi -r 

tUulNL IicRM-lL FLi It RCsTIUN RocLLAIUN 

ftAR.lLlR *A-|A|4lt I LFL IL I i«L ■IM.lE 

LIFePIHE ><4 Ht C FlASrlS lR lRiAIlR 

FO»£r (lH-lnMUN it- fcAlU 

FRtwUtNcV SV.IitSlZlH ANg ..*4|V4** ».NCSt lUll 

RtCk I VI - I I - t 1 I 1.4 Al , ■ In A 1 ► . 

rRcLulNLV t.L It StC «rZ 

.lAelLlli *A- 5L-I4 Per CE4, t 

v-tlFO* yllTawl I Y RPS •/- !.•; Cl* 

NLlSl FIClRE IESI Set tNCSI mu 

RLA>LRL SVSfl** N^.TSl F luL*-* . 

NJISE HIoUhE rANOL It It U J6 

ALtLRACV •/- L.s t6« G ' JC ce 

INPLP PRl«LiNCt ItC TL ICCC Phi 

cASLbILlE > 

SetRL CAHERA LnCSL 21111 

CflAlN F U ** RICLRo • lain ANC uISPIAV!, 

rellctiin ratil m. I It. I 

lens F /l.v TC F/lt 

SrLIIeR L It I SitCNLS 

F*LN IVPl RtlARCIL 

FRlLLINtT CuuMkR tbgSfl lllll 

RIASURI PRCouENtV. RtRlLli ■LEUFLC PErILI AyERAoE* IIPI INTEPyAl 
AN t RAtll. CH FRlWttNLV SCt««ttS. 

E AM b (Lf H I *< A tC Et HR/ 

>LN1JIIYIIV -‘*S 

IIHE BASE 1* I E *• R A I |i N< iitCNt 

RF PtbEH "ETIR lNL«w mu 

RlASLRf RH purer CF vARlCti An atLt-CiS. 

ERt-ULMtV ranges 1<C TL 1 IC PR/ 

t It) IC LAN RHi 

40. S Tg 4UC *H/ 

E -*.N »C IA.2 G*-/ 

IN. A IC IS. IS GRI 

all.RAi * C.U2 CPaU op 

AL/LL VOilHtlfx tNWCi 2lm 

R|A>i».l IhE •GIIALE I I VI I w» vA-UlS aILN*4 

V..1A t rAnle ILi. R«. 1. Lk« «Gi. LOCC V 

*Rl%ClNLv -ANlE NS R/ TL 4 RR/ 

alLlaalt •/- O.Cl 1 i vIrall 

A/l wLNvERIE- CNOa. 2im 

LLN.I-l JN444.I SIUNAl PmCR ANALLo li LlLllAi 4.v««l l/f » 

-,!» 1. A- T7-. 
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Space Division 

Rockwell International 


CJUfAAf CIhE Cl«a 4 

»«Q¥lOf ^HOroCItli^MC PICCPO Of fiifSCCff f lEiCoOf^IrtfP. 

fILf fCHMAI li PP 

OPERATION PtIICTC 

fPAPE AAlf 14 FPS 

MlP type LCLCP 

PCSUonOM 9 C llPfEfPM 

IfNS IflO PP 

PliLD Of VtEP 40 OlfiPfCS 

OPTICAL ANTENNA SEPVQ ELECTPONICS CNOA 


SCFPCPI ELECIPCNICI FOP OPTICAL ANTENNA 
^NEPTIANC RLCflYEP ANC CEPOOLLATCP 


ChOAT 41tU 


PECLtVl ilONALi FRCP UPRESTPlAt NCJSE ANC IIPPE&IPIAL lAlfPFfP- 
ENCE SOURCES AS A FUNCTION OF TIPf OF OaY ANO SEASON OF YEAR. 

FRECUENCY PANCE ICO IC 1000 PNI SNEEP PCOE CP 

tcnaple 

NECIIYEH TYPE SCPEPNE TEPCCYNE t LlNEAP» SPIPT 

FPEOUENCYf AfiC 

SENMTIYITY -IZC OPP 

PPL-DtrECTICN IN AOJLSIAPLE 

DTNAPIC ftO OP I N SI AN I ANf CC S 

ijo OP total 

SpEEP hate INC RECtlYfP IN PfP P|AdE 

RECTIVER NOISE FACTuP 4,0 DP 

lANCNiCIF 1 PhZ 


AITENUATQP LALIERATGP 


CNOAt 41111 


CYAAPtC RANCE aojlstpent. NEPOTE ELECTPICAL ccnifcl. CICITAL peac 
cvl OF VALUE* PANUAL CVER-NlOE. 

4PPL0ANCE SO CNPS 

FPICUENCT CC 1C l.S PHI 

PANCE C TC 40 CP 


CNCPf mil 


NENEAaIES CICIIAL CCNTRCL SIfiNALS TC CCNTPCL PECElVEP S»ffP. 
SUPPLIES ClIilTAL PEAOCLT GF FPEfibENCV ANO CEvEl. 

RANCS 24 

scan TINE C.Ol 10 300 SECONDS 

ClPApIllTY ANALCG CAlA COLLECT P CISPLAV 

SKNAL FOANAItER CNCfO 2111 

FRCYlOfS CATA fOPPAfllNC. ACCUPULAUS PRE/PCSI APILE. CLCCrS 
STAA1 CF EACH TEST ANO CATA ACCLISITUN. 

CATA FDPnaT •* lA* 32, AI1S/N0P0 

CATA RAIL I2SOOO MOPCS PER SECCNC 


fff YAP1AP4.E PCnEP supply 

PRCyIOIS SOlRLE of WARIAALE PChEP. 

OUTPUT 100 V peak 

VOLlACE gain 20 A 

ClSTOPflGN C.l I INC 

FPECUiNCY RANCE DC TC JO AHi 

FOnEA CALIPRATICN UNIT 


CNOn 21111 


CN012 21111 


FAOVICES KNONN InCRENENTALLV CONTPCLLAELE FCkfl LiYfL FCP 
SlANOAAOli AllON. 

OUTPUT -IOC IC *100 V 

tCAC PEGOLAllCN 1 PV ♦ C.Ol I 

LINE RECULAiICN 10 PV • C.Ol I 


TRACKER ELECTRONICS • F |NE 


CNCTJ 21114 


FROyIOES AlCURATE IKACKINC Uf AN GFIICAL AfACCN. FPCVlDES CCNTRCL 
signals TG THE TELESCOPE CIMALS ANO VfPNIfP PfAN CEFlECICP. 

TYPE * IPAGE FISSICICR tPACKlR 

FOV */- ICO NICRCRAO 

A curacy O.S NICiCPAC 

»EN|1T1VITY tC 1.04 hICPCNS CR 1C. A NICRCNS 

EIT IRRCi CG.NTEK CN074 lllll 

CClNT error pulses OUTPuIED AT THE IIT ERRCP OETICTCP TC OITIR- 
m«E the pit error rate CF THE digital IRANSNISSION SYSTIP. 

SnITCk/OIPlEx PACAPP UNIT CNOTT M114 

FOA IklTCHlNG ANTENNAS FOR OlFFERfNI ALTITUOEI. USE CFf ■# I 
CANCILLATION, FORPtNC CPNl PAIliRN ETC 


PODULAT. and CEMCUULATL alOtAANO rR UN UlGItAL StCNAiS. mICEOANC 
FN UEIECTOP NlIH THIESFOLC LAtEASICN. UlwIlAi CCNCC nITf PIT* 
SYNCH* AND ERROR CORAECIILN COOlNC. PCOULAfOP FCRIICN HAS CCPPl I- 
PfNTARt CHARACTEMISIICS. 

C/A ANC A/U CCNVtRlEH CACPl lllll 

FFCwlOES FOP A/I ANC C/A CCNTtPSICN. 

A/C CCNWEMIER 

SAPPlINC rates IS pECASabRlES/SEC 

CATA RATES IC9 PPS 

C/A CCNVtPTEK 

EANCnIOTF < PF^ 

CCMRLL unit - ANTENNA SCAN CNCA2 lill« 

pfutIues yariarle anuulan Sneep patterns ISPINAl AECIANCuLAR 
SCANS* EfC.T OF tARIADlL ANUULAM CCYEhaCE. 

CAlA BIT SIREAN GENLRATCR CNCE} UUi 

FRCVIOES ItSi All SIREAPS FCA f H AN SP I S S IC N . 


1 TC ICS “es 


coarse TMACKLn 


FROYlUES INIIIAL UKGUNC BlACCN ACeulSlUQN ANQ COARSE TRACKING. 


OYNAAIC CSIANCFI fCY ... 

accuracy II SICMAI 

TAACKING BANCNiCTt- 

SEARCH TINE 

SENStriYifY 

FALSE TAAUET KEjECT ICN . 


laser iRANSMinLR ULCTnuMCS 


1 CEU BY 1 CEO 
Y/« 2CC PKA..PAC 
I Fi/ 

U SIC RAA 
IC .SJ ■ICRCNS 
pLSi Rtjici "CCN, Planets* 
STARS* ANC Sunlit clClcs. 


(ATA FCRHATTINU FCU 1NAN<N1SSI(S YIA laser CARNllP 

CFTlCAt CGUIPAIlF CNCK lllll 

PACvlOES FOR CPtILAL alICNNINI CF IHE LASER ANC TfLESCCPi. AlICN> 
PENT CFECkS TC BE BQlF CONTINUCuS AND PuLSIC. 


laser POnEh supply 


CnCET 21111 


CCNVEPIS ANO RlCulAUS RA* SPACECRAFT PLaER IN A FAShIlN SvITABLI 
FCP PUPPING A LAStH. PRIPI laser PCNFF CCNCITIENER AND tlSTRIFu- 
I ICN FCP All iaseh;. 

VCLlAGE UUIPLI 

PlGCLAflON ♦/- C.l t 

PO»LP ICO aAlIS PA» 

TAANSIENI RLCOYfcRY C.l SiClNOS 

ffAP CfPANOEP UPTICS CNCBR 21lil 

FRDVlOkS YAPIABLE BEAR CIyERCLNCE LCnINCL FCA lA.ET IRAASPITTIR 
ANC THE optical ILACCN IC FACILITATE ACCuTSlULN. 

TYPE AFCCAL PllH Y*Nl BLE ELEPENT 

SCPAR ATTCN. 

input IEIN Sl/E C.25 inch Cl 

EAil bean SWt I IACH CIA 

INPUT BEAM ChaNACIEPIST ICS 

laser TPaNSPITIER TEP bAvl . GAUSUAN CIST 

CPfICAi. YEACCN } PPAO ClYtPGENCC* GALSSUN 

LIST 

OLlFLl BFAP ClYlPGENCE 

C02 laser TPANSPITTEP CIFF LIP|T fC 20C AAC'SIC 

NDIYAG LASER 1PANSPIITER .. C IF F LlPlf 1C SC aYC-SIC 

LPIICAL PFACCN i ANC-PIN TC 1 DEGREE 

ADJLStPkNT RESPCNSE TIPE ..... C.S StC NAl 


EIAN UiFLLCICP 


CNCB4 41111 


LNE T'^Pk PPCYILkS A aiRNlEN PCiNllRC CCnTACL nIIn FASTER RESPCPSI 
ANC GREAIFP PNECISIUN T»*AN THE «A(N CFTlCi GtPlALS. 1M ClHpR 

Type ppOvigES a spall lffsh pciniinu tAPABiniY tfiNtiN the 

lAALKtP AAlS ANC TfL TAAASNUUR AITS. 

OEFLECTILN lAPAsUMy ikC AllS 

LEFleCTIUS RANCE */- 2UC nILRCAaC 

PHELlSICN C.2 NICRCRAC 

spectral range ACCUPCCATf LASfA IRanSP|M|A, 

PECI I YIR AND PI AUCN. 

LASLA POnIA NEIfR CNC4C lllll 

NtASuPf UUlPuT LASkP PCalfl. 

bAYILENGfH G.Sl. 1.C4 ANC IC.4 PURCNS 

ACCURACY.... */- 5 PERCENT 

PANNE ICC NR 


PCOULAfE ANO CIPGOULATE VOICI QA DATA I i AA |P1 S S 1 CN S E*<> CP MIh- 
GuT spread SPICTMuP CAFAIILIIY. PRCYlOES PASELlPf CO.-'/’t^N 1. If I UN 
iYSTEH. ANALOG OP CIGIIAL VOICE* INC EIGTlAl CAlA. 

CATA n ei TC so kps ivapiailii 

•OVEAPlf IS 

•ANCnILTH .................... i NN/ 

iCPCCuLATOI CN0I4 1111 

CIPOOllaIE voice CP CAlA T ■ AN SR 1 1 S ICN S RITh OP rJInCUI SFREAC 
SPECIHWN LAPlPlLllV. PACvlOES A NUPBfR OF PfCflVCPS CONNfCTEO IC 
CIPFkPINT ANTENNAS. 


POOPN. alCEBANO 


CNCIC 2121! 


EKLIBPAIION SIGNAL CIRlPATilP LNC41 lllll 

CALIBRATES RE/ElYIR SkNllUVlTY ANt Ph»M (ITER. 

FKEnuENCY NANGl ISIS. IS TC 1STG.2S PHl 

FAkGuENCT ACCuPAlY */- S Rr/ 

FMkGUfNCV SIABlLllY C.CC. YrCiCRIt C 

PF CtIPuT 1C II TC >12T Cl 

LFIN P.P. INPLlf.iR T.b.T LNfitl Sllll 

PICkIVtP ' NAVaGaTION CNCS4 lllll 

PECElYl signals FACP LIUCT (PtKAL SI*^S|NG LF STARS IC iNVftH* 
(ATI l»l PAIIISICN miF aHlL*. A SAllLLlli CAN Ik PLIATIC V|RIIC' 


A-n 


iA- -L 4 7 .: 
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I 
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Space Division 

Rim K Hrittonnl 


A 4 .LV v&lMb STAMS Tht SCLf IK^AIIlL RLFCUfMCE. 

CAffAltN VMKLLKCV •■■■■■■•■••• ACO 

^CMSIllvlTV «.0 >>V ECA U Ce S*A/A 

lata AAU JCCi HAS 


t<l UiltT ILN 
XATl 


C . t I I M V 
1 V I I . 


SAkLiAoM AMAiV/IHyCSCILLCSCUAt 


CA«CC illlt 


31AGLE CkSiM AtAClICAS AS ACkEA SACClAAL OEASIlT AAC aAvITCAA 
CISALAV AOA 0U1CALU3A AAC AS «CULLAIICA ACKtIOA* 


It (>-i 

SENilllVirv i AV/UlvlSlCA 

ChAKAflS 

»>»>L.ICGAAA»>IL CAAAAIillT Tf S 

U^FLTEAi CtNtMAl FLNALSk CK^Ci <1111 

LCAFLT4t> LA1»A»ILIIV TC CCAMAAU LAPLAIALAIS CA AKC Cff, fFLLPAp 
(AeCLllCA UP CJlPLMlAtAT PAOCfUUAAL !TLPS» LOAPtll ClMiAL 
AACLkS fOA ILLLSCtPL AAL AAffAAA PCIAIIAC, AMC CCPPtlAllLP tP 
fCmr-AHlAC AACLkS* 

tlMlH. PMECISILK LLLCA CA«Ci lllU 

PPCVl4;iS PAiClSi IlMf AEPEALALt. PLAStAt llPt AT hMCh PPiSt ALAS 
CCClAS. 

UlSPiAt <A Air lIwITAL LLCCR AITP 1 PM. 

UAL PfcMiCC 

LlSPlAV ITPL CICIIAI 

U-CA 

ILlLAAINTEK CA«Ci illil 

FALVIOLS CAAAAIL11> TC SkAIUi CM MLCElVL ILLcITAt mCSSaCLS* 

Ci-AtACTfii PAIL JO CHAPACltPS/SIC USC kPSI 

COKHSTS Of SCLIU STATE MtVoCAPC 

SCLIO STATE Th(«iAAL API»T|P 
OPAKCALif AESSAGE AfACPv 

Fi-A:»E ALTEM. CICIIAL CM9CA Hill 

ALA^v.ALS ALLAllVE PPASI AKGILS Cf PECllVEL SICMALS FCM JPIIAffA- 
LAETEm HAV lliATICH/StPVfelLLAKlCL tkPLPlALMT. 

uLfPLl CtMlHAllS li BIT AAASE MEAS 

BASEL CP fkC AC Ah| SlAcSClLS 
AT 1C LAP. 

FMECUENCT ««AML ....•.•«**«•*. AOO APE 

ALSCLUTILS ii PHI 

PCCCPACV »/- ^.S PAi 

pfccP^EP. nciTAL CK^cs mil 

AlCcHAU MtCCHl'INi. uf mAh OICIIAl CAIA 

SILMAi IfPi C tC d VLC tICITAi 

ChAANELU B 

TAPE SPitL LAPUilE 

CA'A PATf 1.9L»CA«PS 

fCiLM ilVlUM. aICEBAAC CPBCC Aim 

LlVlCtE AMkNM PCkfcP CLIPLT. 

ISPLl FCPfS LML SC LPA FCP1 

ULTFlI TMlIt Sl GmM PCPIS 

p<v i^LLirtP CK^cj mil 

AFCVlOLS UIA«.>T1P| ALCLPATE ME PMLOuCT ILP CP SPICIMAi tAlA SCuPCES 

AiCTrfcL Qh LAPTESJAM CCCMOlMAltS. 

Ct^AANttS .*..... A PLLU IAS 

ACCLLlPATIdS 190C IN/S/S HtOC CA/S/Sl 

SEASIIHIIV C.SAV/IA 1C. 29 AV/CAJ 

PtVBCAPLt CC«PlIEF casci mil 

PPCVILLS fCH ChlPMAM IC CLMMLAICAIE AllA lABLAPL CCAFelEA fCM 

LPAkAlMiAT CLAIPCl AMC CAIA AAALVSIS. 


-iy(.*ll**l MAh LilA htllMItSk.. 

tAALMlCIf U ‘>CIC >•/ 

LhAAMtiS Is 

MICC.^OIAC fcMMAT iki rSHt. ClP> 


TVPJpPIlfcP tVPl 


CAmEAA, TEiEvHICA 


PkCSiUES ASIPLAALI AllA vUm Cf fAPlA SLlAc. 

VILA AACLl <0 LIUPikS 

HL!k04.LiT ICA AiS IIAIS 

SPfCTPAi CAACAlOTf A PAE 

SaELA PAII IS fPAAlS PEA SECCAC 

MICLALLA. VICIU CAA 


w is 

QVATjjyf 


FACvICIS fOP MKOMUIAL vlCEC CATa. 


LAAANfl 4 

BASCAlUfV A Mk>/ AIAIALA 

LOMATILA ..................... l.S MAS AlAlALA 

AlLLlVkP* PaAVE-LLCA 

PPCVlUiiS fOP fHACSIAL SlUNAL PAASL. 

fMEkUEACv SPIlTmLA isrc P»*E rcAABU 

SCASI I l«l TV IS SHE 


CISPLAV, (Ml 

CISPLAV M(AL*f|Ak CP kUiEL lAPk LAlA. 
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APPENDIX B 

EXPERIMENT EQUIPMENT FUNCTIONAL REQUIREMENTS 
LISTED BY APPENDIX TYPE 


SD 74-,>A-0047»^ 


I 






QOkOOO 

MIOOO 

etiooti 

OAieoo 

eciooc 

MtOOO 

AAiecc 

MIOOC 

MIMO 

Mine 

Mine 

ooiue 

MlllO 
001110 
0Q111C 
0011 IC 
001110 
0011 1C 

aoiitc 

oomc 

jomo 

0Q3UC 

001110 

0011 1C 
001110 
009110 
009110 
001210 
001? 10 
oomc 

0092 1C 
0012 IC 
00921C 
00121C 
Qomo 
00921C 
001210 
0C121C 
00121C 

oomc 

001210 

00121C 

00121C 

0O12IC 

0012 1C 
009210 
001210 
009210 
0D121C 
009210 
oomo 
001210 
0C121C 
00171C 
001210 
0012 IC 
00121C 
0C1210 
0C9210 

oomc 

00121C 
0032 10 
001210 
00321C 
OO33C0 
COllCO 
C091CC 
001300 
C031CC 
C0310C 
001 ICC 
CC13CC 
C013CC 
C03«CC 
C01«C0 

cci^oc 

CC34C0 

C014CC 

cc)4oa 

3034C0 

0034CC 

COUQQ 

303«C0 

0014CC 

003*CC 

QC1«C0 
303*0C 
CC14CC 
3CJ4CC 
C01*CC 
C0340C 
001«CC 
003*00 
C03*CC 
CC4! fC 
CO^lOO 
C041CC 

004 iro 

CC4UC 

CC41CC 

0041CC 

C041CC 

co«tcc 

0041CO 

C041C0 

CO4IO0 


ACCIL i^rtlfTF* - S^fCICCli *0¥C»f*T I S401 121111 

CFAAMIS* COIvTAIHfO ACIIVIIV ANQ AC1|¥|TV il¥fl »C4|II«, 

ICCilPACI C,0CC4 C 

20fOufNCV OtSFONSF C 10 IOC 

ACCHfOOMMfi.rt lAcUl SW19 211L1 

AC009TICM. CimOATOi fCCll 11111 

WP|«»Lf fOIOUlMCV AUCIC OAtVfAS t ICC 30 0C!l IIC^ *40 C(4T»Cl 
hlTl* MO0LfTS HA Kf AAPTlClCS Ih fACh OF lH»ff ALttALlT 
PiAAfMCltULM *ACS» EACF CR|¥fA CPU OF COATACUfC l4Clff4CFFUv 
lA P*EQ1iCNC¥ ANC AAAlfiLCE 

P*EOUE*(CV fC ICAM/ 

30 tit CA 

ACCUSne AlllNC AiC blSPEASAL IAI3 S»CC2 212)9 

ACCUSne $0(AK|R SMF9 ellll 

PJATIClF PCSlTtCNIi«C CAtVEM 

F0EOOENCV 0ANCE 9C IC I Crh2 

TMMlCliCfR - ACOUSTICAL FC013 2*1111 

•lASuAE SOUND 1NTIAS133 LFVFL 

INTFN<1Tt C tf 360 CA 

ACCUSTIf 3BANSCUCE* AAC OE3FC3CA, SICCA UIll 

USf CF SruNT PAESlUAf iiAWf S TC 0CMIIC4 C»*FBI*tM SPKI*f* 

SUCH AS TO maintain CCNTACUE!! ACSIIION CCATACl. 

CHAHfM AAFSSuAf > C.lA P*I 

I 1 /SQ Ml 
< 21-0* MSI 
IC.Cl N/SC *1 

CONFIGURATION IN AFCX CF TIIAAt^ErBC* 

ALClOMCTf* l*«C2 mil 

FFfCUFNCY SOUACf ACJtST IN SC3H F4FCLSFCV A40 AAPIITLCI Fft 
ClAMMONfS 0* PL7NF VIPMATnAS 

FAEOUENCt 12« TC fCCC AOjUSUeLf IF (CfAVES 

AOJUStlAlf |F Iff STEMS 

SCUM if¥ii METfA i?si) mil 

SCUNO ifwfl SUAVFVS and lIMITfO FAECCfFCt ANALVSIl lA Mf *l TIPI, 

FAEQUINCV AfSACASE 3C COCO »«/ 

SOUNC LEVft AANCf *C ?C ICC OF 

Acoustic "EASUAEMIM CI¥IC€ M2|A llll« 

Cf¥lCF CCNS1S1S OF AN ACCuSTtC CA%|l¥, Ai CSClUATCR <4C A 
ClCIIAl CISMIAV 

FANCPASi FILTfA - NA¥F ANAltSI! *IA12 21111 

Cftf AMINAT ION TF FAFQuF 4C> ANP A^KItUCE IAFCAMATKf jrft! 3>*f 
C/iilEA ANC SICFiANQS. 

FAfCUENCV AANCf ICC h2 3C 2C.C*h2 

ATfENUATirN 19 OA 

i < 

CACALfT CLOUC AlAQSCl CENfAATCAS CCCCA lilt* 

CENIAATE AfACSOLS Ff* f >Mf A iwf* Ti UCF 

AAlTlClf CCNC FNTAATICN*. 1 0 UP tP tCOCO/CC 

CLOUC FOA« PQL»OISPf •9F0 AA.0 MfACCISMASf- 

AAATICLI S liC.«»«...... ••ICf*A 1C •! CM 

AiOCLCTION AlTf»«.«. IP fC 1CI9 »*C 

lAAGI ANC CIANT NuCl f I AfHCSCl rf4FA*:f* iCCCf 111)* 

Sl*»f AS CPOMlIT CICUC AfPCSCl CfFlAAIfA 

J|r*fN AfAQSOt CENE*AIPP IfOCS III)' 

Sl-E AS [POPlFT CLCUO AFAfSCi CtFfAAlfA 

CiNfMATOP - AEitVOL Sir** IIIV 
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tlOICG 

190009 CIKTIII UNIT SPOOl IIID 

iioeoo 

loicee ovNA«o*cTiR Lsic) mil 
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14I9C0 

i4iiee tmiMivirv e tc i av •/•! act as 
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1I4CCC TFE T4PICU9 HI4TINC HP»|4i« a^r 4CCPS9CPT iTfPS 
1P40CC 

1I4CCC V4CUU* IU9E-4N/P2I 

1I400C *4I1«U* |NTt*N4l IlCCCCl 

104060 *41 IBTlBNPk 9UPP4CC Tf PP«,,,. IKP («9CI 


CHIU UNIT CI*EN9tCNS ••••C«t I 4 (1 • 9C* 1 1. >*• 0 |4(20C*I 

LC4C 

C*Ul C4P4C1TV.,,, ••••••1*4 THPPP4L 

HE4TINC UNIT C 1*PN S IC4 1 •*••••• C. I 1 4 ( 2C » 1 1 • C, lO 1 4 ( 20C * » U4G 

HE4TI* C4P4CnY»«^,*.«..,»^^^. IP* THEP*4L 
TENPCP4TUPI 0P4CII4T 4CJC9f 

P4NCEa.»**»^^^«^« 9 TC 9CCP/IN 12 TO 2CCC/C*! 

ME4T7* «4R TI«PiP4Tu*E^^« 

CHILI UNIT PIN 1SPP^^^«*^. ••••!! TC TTP |2C 1C 29CI 
iiriPN4L IUPP4C1 T|PP.,,,,*«.»4C TC llC* 119 TC 90CI 
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l-rT /CNI It Kt i ?• P Hi I i. I ICC P I K^r 

»ULL Ll^CT*- ^HCPiiT CfFM^C OCT* 

viCki «•.? sio( !,Rr 1 Tc F .1CF 

FLANCf TrP«prnG>.i> e«CH tFAK 


IFI^ UNIT mu F-ERT, FOtr AN(V RRXlF'LlRU t SPFCI»»IF fCR /CM 
RIF ININC. ANC NOI TFN /PNl CRVSIAi CRChTP. IT NlU CALSt A RClTFA 
RICICN If TRAWfRSI ALCKC A LCAC. C>LlNrTlCAL RCO CF RAlFMAl* 


SPECIRIN « TC 12 IK IlC 1C 10 CPI iCAC 

C.l TC 0.1INI0.21 TC U2)t»l CIA 

SCANNING IP TC 121AI1CCRI 

SCANNING SRECC.««..*»«»».«.«,.|,P 1C 20lA/RtA fSOCP/PUt 
SPirfPFN TC tC BPN 

CRIRATING ?1* TC 2SCCF I3CO TC UCCC) 


r-RACUKT ruRNACE 


TFFRPAL C¥fN 


SFCC2 nil? 


SFOC1 <1111 


r\iN isc<T iiiii 

C/PAFILITT T(» PEAT, NAIMAIN tCASTAM TF-PFBA TIRE • AFC C*t H SI 
fCUlPNEFT, I lOUILS ANC Tf'T SPfCiPfN. 

IFHPFPATUPC |.*Nri «••••••••••• 1? TC 4iSC I 10 TC 2?? Cl 

CAPACITr 1 Cl FT I0«C1 Ct PI 

ffNCb. lAPINAB Amrcrp nil*. 

A ncvt tot NlTf PKATUf'T F-IGH A|P UCN FCB CCFTtCl Cf 
P/PTICUIATE ANC CASfftS C CN . ' P I N AR 1 ? W | tM I F 

fENf>, fTNfPAl MPIPI*EN15 ISS?5 1113«. 

FACVIOE pnP« ARFA TCP PAEPAPAlIfN CF l>PFP|PFM*. ElMBIPfAT 
PIINTENANCI I P5FPVAT ICNS. AM, PPFPABATICN* FC« PE TCBN fC EApTh 

ILECTCICAI liT U ITV,,.. ••/FVCC, ‘•CO*/ At, 60P/ AC 

VACUUN UTUITV ..•••ICF-A TCpB 

BBES5CAC F<IG li««'SEN A/P2) 

AVAIIAPIE CASSES****. r>vr.FF, MTiCGENt CARFCN UCklCl 


MCVlCr t nor* area UPfN PHICH f»PER|PtNT' ANP pA|FTEKAFCE PAt <*l 
P|BFOR"EC. ENCIUSFD STOPAGE 1C P' INC1 PPCBATEO lA REfCF* LSPC 
CA STCIS* ST02S. STe??» SICAS AMI STCff. 

Sl/i APRROAlPATlLT 2A3AA FT < C* 6 1 A C* 01 » I « 2 *1 

I IITfP CAAIP - PriATING tSllA 111)1 

GAAVITt INCUCINC CEVICC AND »*rBI/rAIAl pL'BP lAPlE. 

RCTaIION SPEEC •••..••***••*•• C TC 6C BPP 

UTBASIMC Cl FANFB (CCPt I ISCAT lIUl 

MCH FPlCUENCf ENIBO F PA ClfAMAC f>P|R|»EAI AAD PAJATfA/ACF 
f CUIPNENT. 

OPFRATING FREQUfNO *..** 2CCCC h/ 

CAPACITY .•...•*•»•«•.«•*...*. 1 C( FT 

flAT EVOANCER ICCCl 11121 

EACNANriP TO TRANSFER AtAT FRCP TM LlCUC PHYSICS lAR TC Th| 
SFACEIAE NEAT REJECT ICN SIRSYSTEN 

NEAT TCANSMB RATF..* .**.lfS MU/mP I Sn NAITS IAEAPAII 

SPACILAR coolant IALET TCNP*«*a 3F f#CI 
CRL CCOIANT ncUIT TFNf ,*«F |1C I 

AfAT ElCAANCER fCCOl 11121 

FACYICI ACT FlUir tn CPl 

CPL ffOlAM ruTLET TfPR ICCA I 1 PC I 

neat RATI I f ST 1 TCNTL/*«R ISC kAllS TN|R*ALI 

AfPATOCRlT* KECTRCNIC 15P|T 11111 

AtlLRAl ICAii Y CETERPIAf TnE PERCENT hEPLCPIT IN BtCCL* AAEIC 1 
REACCUT ANC TfaRERATURE CCMPfASATCR RECUI*FC 

AIPICIFIER A«SENRiT ECCC3 I 11 IS 

TaIS ASSfPPit CONSISTS CF AN EvARCRATCA, A NfAlfR. A NRUA TRAR, 

A NfTIRINC PURR ARiC A HATER TANA NlTN AN INTEGRAL llACCIR* THIS 
ASSfPRLT CfNfRATfS !►! RATER VARCR AfCfSIART RCR CLCUC CR|AT|CN. 

DAY AIR FiOk llSCf" IS ll1|R!/PtNl 

• A>|NOH TtPPEBB’UAE.*****..**. TT» USCl 

A'jMiriTY prnce*** c 1 C icct 

HfATIB CAPCCITY|N|* I ...nPU/MP iSk IHEBPALI 

NfAf|k FFfr AAIF |PA»I •••*••• C*C2 IN/Ni 10*1 CC/hRI 
■ ATfP 1 JNH CAPACITY* 7IP* M.ISpCI 


VFFCAI/1R - kAMF STCA® <||1 

CFRAflLllY T( PBlVlOc CrCL kAlfP VAPCR U ERRfRiPfAT CCA1AIA|R. 

l/SIC IN SIOIS, STCiS ANC ‘TC?!. 
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lltOCO ITItM STIOI 1I13« 

fllOCC 

IMOOO Divilt 10 Clf<(iaTI <TIAH IK fUC CtavilM 

nioeo 

msoo CfM PQINY SINSra fCCCI 1111? 

mioo 

fltfOQ Tfis tCNipa ■PitiiafS T»'F cla rriKi zf iHf r.«s saePLE 

imoQ 

imco xEttoiit*FNT aancF.*....!...... 1C ir ii« 

7tnoo iccutacv •».«w-l« 

imo9 

M1300 IIQUIO PJTIK CCNTfKT V|T|» LCCC1 

mice 

tUICQ aCMTOat UOUtC feiTM CCKTIN! blTflK F>P«MiC*» CfIPfE* FC» 
FlllOfl TM PMiPOlt OF aCCUFPlF aaTfR PinCfT ACCOLMS. CLPPCKT CCPCIPTS 
JlllCfl Ufi OPTIfAi TiCk-KIOUlS TP e|AJl.PF T#<| PATFP 0PCPLET5 IP HP* 

mice 

mice «/-c. civ 

mioe 

mice OPCPLCT ^IIE CISTP IIUTICK ■mfp CCCCP lt21« 

mice 

2111CQ THS tJKIT etlL OETEtaidtE CAPPLET SIZE CUIPlBlTICP! »ITi>|P / 

211100 CPAopia LTiLinNe opticai tcchkicifi 

mice 

mice fiil iKAl>r|P« aATEP VfPCP L51E1 Hill 

ZltlCO 

mioo PCMTOP 9i«TIB VAPOP CChTfKT 

mioo 

7UI0a PCltltai PAPICI**************** C TC UP PELAltvE hLPtCITv 
mice ic.cci ir zcccopicpccpaps/utmi 

miOe TIPPpPATUAf TC lACP <-110 TC AOCI 

2US0Q 

ZltlCO i|Ct«CUl #T IKC PiUlC IKCLPATCP SFOCl 1(11? 

imoo 

21T9CO CfUI/TISStE POICIKC CMT LS1C16 UIllA 

ZltlCC 

llTiee CCPPIKITIPK POICIKG UMT/IKCuiATCP fCMAIMur. EifcCTPCKK FUC-IP 

ziMco ciPAiiLiTv pra *«rA$ua|HfKT devices 

ZITICC 

ZlTfOC TfpPfaATuai PAMOE 41 tr 14C F (1 TC AC Cl 

ZltlCO uc «/-l a* 

ntico pal ACC «/-zc »p 

ZltlCO PCOZ 1 »p C« LCU 

Iltioo TDTAi PRCSSlFF lAC t/-2C a» 

lltlCO PELATIVI PUairiTY AC TC ICC PC* 

lltico 

lltica Cfcrsv caCatH tav larsPEaYaL CHAapFP STCil nil? 

»ltlC0 

zitioo acu^iKO FOR criraiii cf pactepia vhic»> caa he cpservec clpipc 

ZltlOO liPfRTaFKt. UlFP la lTfl5, STCZS AKP !Td!. 

ZltlCO 

ZltlCO Kif APpaniremcv •««•*•••••• • p ; p t u ni m ij p la cpi 

ZltlCO 

ZltlCO lACUlATCP ST0I3 11111 

ZITIOO 

tltlPO CCATAiaiP Uizr tP PRCVlOt VARIABiF TtaFtaAttAf favlACAPFATS FCO 

Iltioo RtrsciEhcr speci"Cn« lsed tn ftciSi stczs aao stoii. 

ZltlCO 

ZltlCO fill APPioiripAift V ZMi.-pc.i FI (ffPiiPii c**i 

Zltinc TFifPEPATiiai TP ICC F <A0 Cl 

zitioo 

ZlltCC CMA fUMIRi* FnPMATTiaS »EC 21111 

llRtOO 

ZlltCO UFFfRS CATA FITM HQK PESCLLTICK PlCtRAaC eUL U SFfCTPAL SCAAAEP 

Mltoo 

Zlftoo lAPLT DATA Rft :»,,«,»,»,,,«..,ZCCPtPS 

ZlltCO OUTPUT CATA RATI.... ••ICCPPPI 

ZiatOO INPUT TATA Cult C TC 11 t •*•••••« 31 1 

llftco 

ZlltCO STCRAGE PIRIPf'IRALS iPOOl 11111 

tptoo 

ZlltOC IMS UNIT ACCkPtl ACOPliSED BIAAPV CATA FACp CICITAi 

ZtltOO FFCCEISOR ANC TAANSLATES 'm|S CATA tNtC fOUvUlM AKALCC FCPA, 

ziRtec 

ZlltCO PAPIPLN tlCNAl ANC FCIC CMAAAELS.IZ 
IlltOO IIONAL ANt POIC CNANNElS PfR CARO.** 

ZlltCO 

ZlltCO SlGNAi PCRNATTfa CNOtQ Zllll 

Zlltcc 

llltec MCvlDll CATA FPaeATTlNC. ACCUPtlATEl Pai/PCTJ AP|lf, ClCOS 
ZlltCO StAtT CF CAC»* TEST ANC CAtl ArCLMIIlCA. 

Zlltcc 

ZlltOC CATA FORPAT I« If, 12* elT</kCPC 

ZlltCO DATA aatz IZICCC i*CROS PEP ffCCNC 

Zlltcc 

Zlltcc CATA fUPFiR STOlO Zllll 

Mltoo 

ZlltCO ClPAPlirtV to ACCEPT ViRV NIC>* CAIA RaIIS. FPCVIDE IHCBI CURAtlCP 
IlltOO linaiOl AAiC IOmIR RRt| OOPR CAPAPIIITV, uSEQ lA $10|S. 

Zlltcc 

IlltOO eCRC tINttP f tc IZ IH! 

IlltOO OUTPUT RATI ••••••••••••*••.«• VARItOtE Af 0 K S kCC 

tllTOO IT0PA6I OUiATlQN •••«••••••«•• lAPIAITf 

Zlltcc 

mice PA 1 CF pakcl, corpial afict riiu 

mice 

IlllOO PLLtfPLF INPUT PAN|L CAPARI.E CF C**AMlLL 1NC t^lCH FPCCLf»€T PF 
IllRCO PAFRCV TO APPanpe fATE INSTPLPtNTS vITm ^rNieL* LCSS anC INtfA. 
ZIRICO fiuncI. 

ZIRROO 

ztiioe ctuPLfp - antenna tc.« ft 2 *c af«c« imi 

Z If 100 

ZlllCO AFTfNNA to TRANS"|1TER INTiPFACE ALITt'!K3 FCP «rN(PCP PF ICSS. 

zmoQ 

ZlHOi FR|0i*tN?4‘ 9fti»L»iCTF C«Z TC Z* C PN| 

ZlllOfl 
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CCU^Lf^ - *NTtHNa I7*G Tf Pf.C »'H/I 


4F9ia Itlll 


«^TENNA Ui tMANV**lITlP |KT|Bf*CI AllC^lN*. ^ I *• ^ I f •iS. 

fPlUOtNCV 7 *( Tl 7 C.C ***t 

cruPii» - iNTfksa 46.1 TP POO Kp/i *^«»n Hill 

tUhSHt TP |w*NS*4JTTfa |M€«f*CI *llCU|Nr. FfJB *<|MeLP >*» U 

FBfcufkiCT piNTbiuTk .*..*••••• r."* Tl ?cc •>»-; 

MICH PMKH 

IkTtPf^CT CONNECT ICNS PF VABICLS Bf BfCElVEBS *ITh ^tUCTfC TEST 
EiUlB* 4 fNT FQ(i MAVE ANALVStS. 


NCCUlATf iNf CEMnnLlAlf VfiCl ffi TATA T B i k I ‘ * I C k i klTk CB rf|fk- 
CLT SPAIAC SPFCIBlJk* CAPAHUllV. PBOVIPf* PA«ELINE C f P*L M C / T 1 C A 
I STSTEH, #NALOr fjB DIGITAL VflCF. /Nt MGMPl CAIA. 

CATA I* n< TC TC BfS IVAAIIPUI 

) "CVEAHLE <« 

I BANtMlTTl- 2 PPP 


rt«*CCUl ATPB 


CAC 79 mn 


ClurCtllATi VOICE OB DATA 1 B AN | 5 S I C k 5 -I T»- CA AltMCLl SPkfAC 
STECTAUN CAPailLITV* PtOVIDfS A AL«*«tB CE MECflvEAS CCAAfCTfC tC 
riTFEAFAT antennas. 


► CCP'. NtCFPANC 


CACfeO 7 I 7 TS 


•TCULATF ANC rE'^UOLLATF NtPfAANf. F« I *> DirilAl. EICKAtE. vICEPAAP 
fP CfTfCTJR wITi- TF«E*Hi:Ln EAIlNSIfN. tlMTAL CfcPCO hll»- HT» 

stnch, ANC EBROk correcticn coriNG. PcrtiiAirB fcriica f/s cc^fii- 

afSTABV Ck-APACT I" 1ST ICS. 


CMCKWEP* ikATFi 


IS9S? imi 


BkPvICES A »»EANS OF MgufWAL fF fATICAS ANT ANICnS FRC»» AAUA 
SlP»LlfS PfOUlBED FPfc SPFCIAII/FD lAPCPATCxv ANALYSIS 

SCI ICS RE»»nvAl CAPABIl ITT,,,..<1 PP^ 

1-NS BM*f:vAl CAPAN It ITT.... ... <l PPP 


(FTKAl CCLLl^ATOP CA3R6 Mill 

FF'‘VlCFS FOR '■•PTICAl AlICk*'FNT CF !»-k lA^Fw ARf TElESCCFt. AlICA' 
«*FNT CHFfNS TP RF Bl'TA ClATlNLClS ANt PU SFD. 

FKPANCfP OPTICS CACA8 2IUI 

FArvlPES VAAIAPLt BEAR 0IVt*«6EACF CLATACl FCB IASE« IBAASMITER 


A*C THf optical t-EACCN TC FAC 


isplt fFA«* si/r 

CUT lean sice 

INPUT lEAM Ck<ARAC 1E> 1ST ICS 
LASER TRANSNITTFb ••••. 

optical reacon 


CUTPliT PEAR CIVERCENCE 
CC? LAMP IRANSRlTTfP 


optical beaccn 

ACJOSTNENT RESPONSE TIRE 


litatf acoumitica. 

• AFCCAL V I IH VAPIAPIF IllRfFT 
5CPAPAT! CN. 

... C. 7 * iNCk- niA 
... I INCH niA 


... 1ER kAvb , CALSSI AN CIST 
••• 1 RPAD CIVEPGINCE. CALSSIAA 

01 iT 


r IFF I IRI t ff 2 CC ARC*tf C 


NC:TAG laser fPANS-lTTFP ,, OIFF ll»IT TC SO ARC-SEC 


... 2 APC-RIA TC I CEGPlf 
O.S SIC RAA 


E»A«* UFLFCTOP 


CA 089 AIIIl 


tkf type PRGVICES a VfPNIEP PCINIING CCNTbCL R|Ih FASUP AESPCNSF 
AkC GBfATfB PRECISION TaAN RAIN OPTIC? GIRBALS. Tkt Cfk-ft 

TyF( PRCVICIS a SNAU OFFSET FC|AT|NG CAPABILITY RETbEEN Tk*E 
TkACi^FP Alls ANC TI-E TPANSrITTEP Al|S« 

rfFLFCTION CAPAMlIlY » Af A»|S 

CfFLfCTIUN RANCF */- ;CC -ICRC>>AO 

PAFCISION «•« : BiCRfpAc 

spectral range ACCLRCCAH laser iraasrittep. 

RFCE f vFR ANC beacca. 




FUAAICEC. rriLlRATEC llGkl SCLRCE I ?F t FOR PARTICLE »-iATlNC ANC 
RfTlCN CfNTRm AS *ELL AS If ASSESS fPTtCAi SCATTfRIAC FRfFfBTIfS 
fF ICE crystals 


I /SEP SOURCE 


SPOON mil 


FACvlOE kEAT ThanSnITTEP TO A SAfUREN RT LASFA BFAR, CfACCPT 
PACVILCS heating elTHCLt C TNT AR | N AT 1 nC SPECtRfN. UNH IS USIC 
|k CCNJUnCMI'N *.l?k CkFM-C!NFBAt RtRPfSE EkCtCSiPE 
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iiTooe 

fITOOO 

iiToeo 

llUOfi 

ttfCOti 

iiToeo 

iiTeco 

tITCCO 

ttTCOO 

mooo 

IITOCC 

IIT*00 

tIUQO 

imoe 

imeo 

1174Q0 
ttT400 
IIT4C0 
IIT4CG 
IIT400 
rtT400 
IIT400 
ttT40e 
«T4CC 
ttt40C 
IIT4CO 
IIT400 
iiT4eo 
I1T40Q 
tlT400 
2I74CC 
22T40G 
22T400 
21T4C0 
22T4CC 
IIT4CC 
227400 
ltT4C0 
21T4CG 
I2T4G0 
IIT4CC 
i:^4co 
«• 7400 
II74C0 
22T400 
IIT4C0 
;it4cc 
2I740C 
2IT4C0 
227400 
22T40C 
22T40C 
22T400 
22T400 
22T400 
22T4CC 
2274CC 
22T400 
IIT4CC 
22740G 
217400 
I2140G 
2174CC 
I2T4CC 
2274CC 
22740C 
117400 
IIT400 
227100 
227IC0 
227100 
127100 
727ICO 
227100 
I270C0 
227400 
217400 
217400 
2I74C0 
llTfOO 
2I74QC 
227400 
127100 
227400 
127NC0 
127400 
227100 
227IC0 
117100 
117100 

firioo 

227100 

227100 

217100 

227400 

1I7IC0 

I17ICC 

1274CC 

I274CC 

127400 

227400 

2174CC 

1274C0 

117400 

IITIOO 

117000 


• 4Ul!IC TE4 I|4C4» t.% CCTEtT 

STU4 mil 


Ufli 

KOIHOCRIC L4tl» ■iMCniO S741C4 »|ASU4|t«G ■AkOfi U 
AAClfli AMC 4AN0I 447f iflkllN AU/IML1ILE AKO SfAAIATS l»iCE 

vr^iCLii iNcigciNC OAACf ca atl tc onctNO. 

4ANCE 1*14 lA («/-3 C4I m-CAC 

CC04E4ATIVI TAAGfl DllTANCP •• ICC A4 M94 N4» 


LIIH 4IIIMIL7 - NCI4AG 


CA05) lull 


PPCVIDB 9CU4CE OP COAftfAT CPTICAL EM4G7 TC If tSfC tC PlPfAf 
140 EPTEhC ANOMtlOCI OP ThE LSE CP LAJfPS (4 |P»CI CCPPU4 ICiT 1CA! 
lIPL ICAT ION|» CONTAIN] OPTICAL TPANSP17TEA INCLLOtAG IIIPhICTA 
CCNTtOLf tOCUiATQA, A40 CCCLT4G S>S1EM« 

laiip cavitv 

NAVfLlNCTA ••••••••«•••■••• 1*01 NIC40N1 

LAtING 400E PLN0AME47AL ITfP««l 

OPIlCAl OUTPUT P04EP •••••• 1 Pill AVE4ACE 

EPPtCIfNCV t PEPCCN1 

KOCUL AT04 

TYPE DIGITAL 

DATA 1 CIPS 

EXTINCTION AATIC 2C04 

COOLING tVITIP 

CCCL1N6 MTPOD CC4DLCT1VC, 4C LlCLIDS AUC4E0 

MBAC L04C ICC 4ATIS 

Lill* LIAKi COUILtC 4CIYAG CA094 11111 

PPCVIDE SOUACE OP COPfPEAT QPTlCAi iNEtGT TC if UllO U P|F|A| 

AAO IXTENC XNQutfOCE OP Tn| LSE CP LASERS lA SPACE CCPPU4K ATlCAS 
APPLlCATlONIt CONTAIN] OPTICAL lAAASPITTFP INCLLDlAG lElPPlCTt- 
CCNTPOLt i*0DULAT04i CCUllfP* AAD CCCLlAG STSTfP. 

LASfP CAVITV 

MAVtLPNGTP C.7S 4ICRCNS 

CASING 4QCE ■••••«•*••« I •• • PUACAPEATAL (TE>**g| 
optical (XrTPLT PCNfP ••••«» C* 1 PATT] AVERAGE 

EPPICIINCV C.l PERCENT 

PCCULATOR 

TVRt digital 

DATA RATE I CAPS 

EXTINCTION IA1IC 2C 04 

CODLING SVSfiP 

CrCLINC MPTPCC *•«••««••••« CCACLCTtVEf AC ilCLlCS ALLC4EC 
HfAC LOAD ICC 4AT1! 

LIIEP PPACON I NCIVAC CA09S lUU 

SMVE AS A LIGHT tOUPCB TC PAClLlTATf ACQUlSlTtOA A40/CP TRICP14( 
PPCR A CTSTANT CQRRUNICAT ICN TfiPINAl, 

PfiCON TVPf G-SPlTCHfC CCLILfO, PLLTIPCCE 

C4V1 TV. 

MAVELENGTP C*93 RICRCNS iPPIPfPPICl 

RfP PATI S APS 

fAfPCV/PULSE ««••••»#•••••••*• IC RJ AT C*9) PTCRCPS 

PULSEPSCTh 2C PSEC 

PURP RETPOC plash PLRP 

CODING TECHNlOUE PtlSF POSITJCA PCOLiATICA 

4EANNICTP VAAIA4LE 1 Cf6 7C 1 AlC R|AOT| 

LIPfT|R| t >••*«••• ••«•«•■! l€ RIC plashes CR C*IATEP 
RONBR CONlURPTtCN UC PATTS 

CV| lAtfR/PLASP L SPOCl Hill 

TPIS UNIT Nlii 4£ LSEO PCR PRff RADICAL GfAfRATlON* SbRPACE 
OIRAGI TPRflHOLD OITERRlNATfCAt AND HCLCCRAPMIC PICRCSCCPT 

iCOtRACVI 

PAVEL 

VOLIACI OP CAPACITOP §A4R C*H 

LASER INC PLASH LAMP INflCV 

OUTPUT*** 1* Cl 

IVNC* ..«1CC41 



AIACI CP OPfRAT IDAl 

INERCV INPUT 1 . 14-U4PH/PULSE 

1 At LOR 4fP|* LARGE LAPP 

!C-SCCJ2RVLSf U 014-. l4RP>/P0ilE I 

AT HIGH RBRS* SPALL LAPP 

ENiRGV tll-4 ' 4|*)4H/PULSf 

I AT LCP PEPS. CVf PU4C* PREC*» 
29CPJ TC TJ/PlLII ITE-S - fi-J 
PH/PUSfl PRfL'/iNCT OCUlliC. 

ICCRJ TC SJ/PLiSI m-9 TC 4f*4 

pM/PLLSflAT HIGH R|P| M OVl 
PU40APENTAL* If - 7f0PW<T|*t * 
tl-4 PMI PlEObiNCT DOUILIC 

AfPfTITICN RAT|********.**t..«*LAR6E LAPP - II4GLE TC lO/PIA 

SRAU LAPP - lINGLf TC tOHl 

PRfOUfRCV PANGI«a***a**«*****a«RU40AP|NTAL 410 * 7fORPtl*7l-S 

TO 11-9 14a 1 PRfCLIRCV CCUILIO 
il! - 1T94P ICaff-f TC la9l-9 
IN* I 

PLASH • lOCN! 

HOLOCAP|RA**aaa aaa aaaa aaa*aaaa S9PP Ua* I N* I 

.aaaaaaaaaaaaaaa S14CLE PRAPf TC 20PP PPES/SIC. 

plash LAPP >1(11 

TPE PLAIP LAPP HAS TnC PuPCTICNAL ilCUlRtPlNTS i IAITC PtCCUCI 
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»flf tiiiCMS* A»iO fius * <ftMCk rr:k Mrtiur ut cvf 

I ISfi 

tVPF*. »l k 

orHiPflNO f (■PftATLAI.*.. tk Tl- T7F I 2C 1'' /'(I 

Vfi INC? • V ••***•«•*••*••••* 1 • 7f - tr 1^* I ?C C ork ^ I 

r>«tMrV INPtTkPAll,, (S*J| 

(• ?ti»- ll«Jt 

t#Sf« «SSFPflV - C (2 t^ 0 t 7 imi 

f»OVIO| SOUSCf Of Cm-EMfIkt OP1K«l EKffGv 1C rf L5Er. TC Kfflfci 
«f^0 ElTEk^C KNOmrOCE Cf TfE LSI L«SffcS |K <fAC( CLAPtMCAl K 
ff^tCATtCMS. CONrA|fi$ OPTICAL THAK<I*I1TCA fKCLtCIAC IMAklCTh 
CTATPOL. •'OOUtATr.A. AAO CCrUAf- 

lISEf CAVITV 

• AVELfUClf* t**! ••«• •••• lf«f PlC®C*i(! 

lASiikGMnrE FCArAPfMAi 

UPTtCAL OUTPCT PChIP •••••. * bAlTr» ATtPAf.F 

ff^lflfNCV •••••••••.•••••, 9 PffCfM 

HLCUI ATOP 

TYPE OIGIIAl 

CAIA AATF 2CC Pn»»$ 

ElTINCnrH KATin 2C Of 

CCDL1^C SYSIfP 

corLi*«o petkoo ccKDictrvE* kc ucLins allchTC 

HLAC LOAC ••••••••••••••••• 2CC AATTE 

CflP PIELC IILUPIKATCP SfCCl 7I11I 

IIOTINC SVSTfP - PLAM I'lClA ?lll< 

ffCVlSlrKS f^P I ItfT flAAT CAfklKC APfiS. 

TYPE I IGfT OAU tOHl.Fi LCPI ECE*^T 

ILLUPIFAAT JON IC? F T-C <1100 LLP/*2> 

CILL!/I ISSLF »-OLClKC LMT llGHTl^t 1?1C17 i!ll* 

ffCVtSlCA fOP PPPVICIAC (rci riFFlSFl iIGhT 


riiUPlNAf ION 
TrPPFPATIJPf • 


SC */-lC FT-C 
A»M I F NT 


I If FT sn ACE STO*<» 7 M I I 

PCPTABII lien S<’'OACt user FCM fMCTCGAAPHl NO kAPEPIAEAT CFffA 
TJCNS ANC tCSlilTS, U!f0 IN «TCl*, ETC?S AKO !I03!. 

ILLi>P|NAT ION ICC 1C ICCC LLPFhS 

LP TC 1C FFET 

lAACE CEVICE limiNr «=CCC9 till* 

PAOVIOES LIGHT INC FOP VAPICLS fPllCAL PfCCPOlNC ACTlVlT|f«. 
CCNSISTS OF CONTINUUOS IIChTINC, FTCCPCCUPF ANC lASFP f E AP I I CHT 

scupces 

Fir.i- lf4tfN9ITY LtCrT L L* A 1 1 f N, , < I ' F f 


YAPMHI CISCFARCINO STPCRE LICMTf fhICh AUCa ThE STCPFIAC (F 
PCI ION. 

STKOEf C 1 SCHAPCE PATE 1 Tf ICCC FLA(t<El/SiC 

I >CPF li HAT ION UNIT SfCCl 111 

LYCPhILHCP LSS 72 111 

; ffCVlff fPEE/E CPYINC OF SPAil SPECtPLPS 

I SAHPLf CA’ACITY... C* ICL. I N. 1 1 6 CC I 

I TAPPfPATUPE PANCE*. TC 2 S 2 F <«40 TC I 22 CI 

PKAfT, SoPfPCCNCLCT INC S’l^C 111 


pagnet fcp CPOP/PAA T icit frsmfMsr. 


lmcot nil] 


PlfPCPHCNft USfC FOP PICirCY, PICPECtriNE INO PANAfC !YST|PS 
UTprA AT inN 

AlCPfSCOPF, CISSFITINC ISIOCA Hill 

ffPPIt riTAIi CISSfCTlNC ff PICimtAl SPrCIPfNS !LCH as FIAATS, 
AAlMAt TISSUE MtC OPCANS 

STEPfC ivfPIECE 

AfJUSTAEiE PPIGfT ANC CAPP FIEIO UILPIPAIICN 

pKArserPf* fOPPCuPT isiocs iiiii 

GtNiAAi pu»p(si pinocuah pic«rsc(PE FTP piCPtSrrPic stloies cf 
T ISSUFS 

■ACNIF ICAT l.-H. ICk U ICO 

PHCTcrPAPHir cAPAt* tl ti>. .,•••. pm APciD > 11 * 

L I CfT INC. ■••■■•*•••••••••••••• F AP* FIFLC C® IIChT FlIlF 1*1 

PNA«f cnMPci 


If PICPCSfOPf 
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IM4I0 

tftMfO 

t*IOCO 

titOflO 

moeo 

t«iooo 

itieeo 

IIIOCO 

tiieoo 

a*ieoo 

IftIQOfl 

14IIOO 

fUlOO 

IMIOO 

tiiioe 

IMIOO 

IMIOO 

ulseo 

IMfOO 

J4IIQ0 

atiioc 

V4I100 

t*itco 

141900 
141900 
I4MC0 
141900 
149000 
149000 
149000 
149009 
I490CC 
149000 
I490C0 
149000 
149000 
174100 
1T4100 
174100 
274100 
174100 
174100 
17400C 
274000 
274000 
174000 
1740CC 
2740CC 
274000 
2740CC 
2740CC 
194000 
194000 
214000 
194000 
2979C0 
197900 
1979C0 
197900 
I979CC 
297900 
197900 
297900 
197900 
197900 
197901 
197900 
197900 
197900 
197900 
1979C0 
197900 
197900 
197900 
197900 
197900 
197900 
197900 
2974C0 
1979C0 
197900 
197900 
197900 
197900 
197900 
297100 
197000 
2970CQ 
29790< 
29- 104 
imp^f 
29f9C0 
297900 
197900 
2979C0 
197900 
297900 
197900 
297 9C0 
197900 
297900 
1979CC 
297900 
197900 


CfTflllilM 9UOf4CI TIMIOilim CF CICFLIU 440 KE C»7SmS 

1I1|1ITI9ITY*«««**«*«««««*«»««*«/*C*94F|»/.C»1CI 41 94 C|90 

OICiCICCFI S1C91 mil 

PiCiCtCQFIC I4491II4TICN CP IfPCSCi P44TICII1 14 TH| %19L4l P446E« 
ntC COKPOTIOLP 4lfP ilOLCOIC4t 440 P|T4L|,iGlC4L ilPfPIPtPTS. 

Ulie 09 ITOU IT02S 440 I7C9I» 

940MIPIC4TICM 941100 •#••••••••••••••• 9C TC 1000 I 

PMOtOOMOMtC C4f40lLnt VES 

pictcscopi tcoi^ mil 

PICNIPIIC 0ltliV4Tl041 

P40ltlPIC4TION P4C7C9«*«»«««««.IC 1C 1CC4 
0III0V4TICH 0« PMC1C6P4PflC 

picpctcopi iPtCf MCMPK41IC4) icon mil 

P404IPIIC GffltV4T|04S 

94CNIPIC4T1Q4I PKT04 •••••ICC V lOCCi 

CllfiViTION 4T14CNPE4T> 

PlTKCCCNltOUCriOH PlOP RISCU1IC4 MCLCPiCiCSCCPC SPCCl 3123! 

niRio H1C90IC0PI ECC17 mil 

PIC4IP1IC C0IIPV4TIONI 

4I0MIPIC4TI04 1C 1C ICCP 

ni9fPv4Tio«« o« t»«cicoP4P4tc 

MIKIPO CtST4lllCI««t««««»»«««..WP 10 414I1CCP} 

■ iCPOTcpi icctn 13021 itm 

CI4491U1V rr Ti>l4it &UC1 iMPft|PP41 SPECIpEk. 

SICTICNlNO 1 1C 90 9IC4 CpITEPS 

ilTENUirOP C4LlP4410t C4044 41111 

C144P1C 444CE 4CJU9TPI4T. R|M€TE ELEC141C4L CC41PCL* ClCITil PE4C 
CLT OP HUE* P44U4L CVl4-RI0E. 

IPMD44CE 9C CPPS 

P4I0UENC7 •••••••««••••••••••• DC 1C 1*9 PHI 

■ PUCE € 1C 40 C9 

PCf04«fi icTP tc S1141 mil 

PCTCl POP CP4PilP CPIYE SVITIP 

|>P44|IC4 CkOUC CP4P9SP ECC14 1(139 

CPiPPEP PP0VICI4C |lPkC41IC4 CP IC4C T|PP« P4KP41 ClCtC CLP14G 
14 4CI4S4TIC E1P4KI1IC4 

C |Pf HI lOPil*** *••••••••••••••*• 1 !• Pi 4« I ICCPIOI 4« I 17«TI4 

I49CPILC46 

VCCOPE**.. •«*UI2CUPT.(ll«aU 

0PIR411N8 TBPPftPniiE****...-* -ItP TO IC4P 1-40 TC 40CI 
UPPER 4NC LOVER INCS TBPP 

10 lOPfC 1C tCC» 

E40 7|P0fR4TUR| IP («/-C.9CI 

OPfRiTfllO INIIIIUR9a***«t«*««««2B 7 1C 14*7 PII4I140 1C 7401CPPI 
PPIIfURI P4TI OP CP440 |**b«bb* 19*«P|I/SEC 1 lOOOICPP/ltC I 
PPIliURfl P47I T0lPR44CI***«B«*4/-li 
PPlIPtP POiUPE IIP4PI 1G4***.*« V/V CP C«94#*0*19 
CIRCULM IRDS C04H4IH CLtCTIIC4LL> COHOiCmC PkPIfl U SERVE 
41 lOUlEOTIIlTUL SUPP4CII PCP 1ME tlfCTPfC PtElC PCHC4 
CCIITML 999719 

CC4TINUOU9 PLOY CIPPUI1CM ClOtO CN4PREP EC014 111S9 

9LP|i|4TUP4T|0l« II CC4TPCUI0 97 THE T|PPEP4TLP| CP 44TIP 
CCVftING TH| yPPli 440 trPER SLPP4CIS CP the CH4P9EP* IT PUL If 
UliC POP CLOUC C0MCB4I4TTC4 4 LCl! 4TIC4 fIP|PIPf4TS 

OIPOP|IOPI**4*«BB«*«»»4*4«»»*« Tl«milCCPI 4 11*9I4|10CPI ■ 

2I4I9CPI 

VOLUPf • •••••••••••■■••*••••••• C«S EC L*PTB(4*lit 

imiH PL47I II.IIPISCCPI ■ I0I9(I9CPI SP4CIC 

C*9tP(l*lCPI4P44T 

IICTP0RP4L THP IP < 0*CIC I 

UPPER 400 LOVER ILPP4CI 

TlPPlRiTUil 0 TO lOP 10 TO lOCI 

IURP4CI TfflP C0kTtCL**B.***.*B4/-€.lPlC*09CI 

OPORifINO PMIIURObbbbbbbbbbbbIRbI TO I4.7PII4I740 TC 740TCRPI 
PPIIIVRI PI41. 4CCLR4C7....***«/-C*2t 

P4I PillOUPI CP4EMI P4T|..*B«*C*CtPil/IIC<0*41CPP/SECI 

IT41IC CiPPUftOH ICE CLCLO CM4PMP IC014 11119 

TPII II 4 Ilia474 TTPf CP4PIIR PPtCM LltilllS ICE SLlPKIt TC 
PROVIDE COMTROLLIO IUP|P|41UR41ICP PfLPIIVl 1C ICC* 

OIPIVIIONI* ••)9*191M4i;CPIOI4 > T*9|4I20CPI 

iC40 

VOlUP|*B*»* •■«■••••••••«*••••• C*444CU*PT* 14* III 

QPIRlTIliO Tfl9PS«4TUif*«****«**-4€ TO TTPI-40 TC 29C» 

79RP Pfllt 
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<4?9C0 ««ir SttFACf 

29790C TC»<7fMTU»C C 1 7 7 7* f KC t .4.P TC 3fF i;CCl 

2f?9C0 SUiPiCr in* /-C.C9CI 

297%C0 OPIU^TIIK; 1. ^ 1C U.TOSmiOO U 7ftCTtP«l 

29T9C0 PPCSStPI MF«S» 1 SP M I • />U 1CPP I ! 

7f?9C0 

?9T»CC S14TIC riPFtSlCH LlOLlC LLCtD O-irPft kCCl* 111?* 

29M00 

29T9CC P TUtMFt TYPE CHPMPFB tSFC FfP f»PfP|P£M$ HFCilPtKC ieCVE ’ 

29T9C0 iPEfZING T£«PFPPTUP€S i>»fi !LPt«i 5MUP*1 10^ CF THE tlCllC PUPTIvf 
2^7500 TC liPTIP. SUPFPSPTOUPI ICK IS CCMBOttFC PV 1 h£ IFPFEPMLPES tf 
29T90Q TFF PA1M CnvMINC CHPPPfP tPPfP PNH ICPEP 5C9FPCES. 

297SCC 

2975C0 . . E t K. f 1 S Cp 1C C «• XQ,A I M 1 « «C P • IC 

297SC0 VOLUME C» CICU F T, I C.2TI I 

2979CC rPEPPTiMG TEmPEPATLPE }77 IL fcPF U 1C 90C » 

2«79€0 fMC StPFPCE MAK IMUP 

2«7»OC TCMPEAATUtE C If FEkEAT lAL 1 EF ( 1 CF I 

2979C0 SUAFACE T fHP.MCAS.ACCLAAC V. •• • C. I V4 C. 05C I ^ 

2«79C0 OPEPATIPC E* 1C U.7P!1All«0 TC TaOUPi^ I 

7A7§CC 

29?«CC riKEPAL CLQuC CPAMfiP ECClA U13S | 

297900 ] 

2979C0 TFtS CHAPAEP ^IlL BE USED FfP PAA^ EaPFPIpFKIS THAT PECtlPC A ] 

29T90C AHATIWf HU"ICITV BftCH ICOt APT PIMPLP TEPPfPATLPE CCMPCl* i 

29T9C0 FFCVISICAS kILL PE MACE FCP GEMPATUG VAMCl! ELFCTPK FIElCS. j 

297900 fCSmCMNC DCVICESf SCtKOt CPTICAl, fLICTPiCAUt AKC FEPCTE 
2979C0 OAOPLET SIIIMG. 

2979CC 

2975CC CiMENSlGNS lUEtM3CfPI AH ElOES ICLEFI 

2979C0 VniOMF. 

2979CC fPEPATIKG T f HP EPA TLAF • • •• • * • • • ! C TC E6F41C TC TCCI 

29790C rPCPATlMG PAESSUAE* TC 14.7PSIAUA0 TC TeOTCPBI 

2979CC EIFCTPIC FlftC PLATE* ICCATFO CK CPPCSITF «lrf« J 

297AC0 ACOUSTIC CAlVEAS LCCATED CA ThPEf •LTUALL> PEPPEM: ICILAA SITE' , 

2979CC 1 

2979CC EFV|BrM»EKT CFAHPFP 5T050 I 111* 

2975CC 

2975C0 fACVlUF SPECIAL CFAMHEU TC HCMTCF CPTICAL PFCPFRIIES CF AEFC'.nS 
^•»79C0 with CAPAflLITT TO PfPTLOPATE THF FKVIPCHPEM HTh II AS AAC 
297900 CfSEAVIhC THE AEAQSOlS iFFCtCH A P|CFC!CCPF AAC PHCTCCAAFUAf TAf 
2979C0 SCENE. OSEC IN STCIS, STCiS AAO !1C35. 

2979CC 

2979CC cfahpem. Cubical test sties iiii! 

29790C 

2975C0 CEAHPfP FOP PEAFCPPANCE CF SlPEAFlLIC HEliLP AAC IICUC CFCF/ 

297900 PIBTICIE F«PEP|HFNTS 
2979CC 

2979CC riHENSlONS FF T ( C. 9 Sp| CLBF 

7979CC 

301C0C PACrATlCN CnUNTFB > ElCCFEHfCAL <AAFlE LSSZ6 1111) 

30I00C 

TOIOOC FAST, ACCUBATE AHC EA<V SlCCHFf»lCAl HACIAUCA CCLF^TIKC ‘VSTFk 
301000 EASFC CN SfANtABC SI/FC PirCHfHfCAl <APPlF<. 

30100C 

90100C STANCAPC PLANCEfT UP fC 7 IN CIA 

301000 CAPACITV C.f PLANCFETS 12C 

30100C 

TCAPOC ALCIFA# PABTfCLE CCUNT lAG UA 1 T SFCCl 11111 

TC5P00 

3C9COQ CAPASlt ITT TO CISCA|H|NATF ANP CCLNT AIPhA» BETA. GAAPA* A'PAVS 
30900C AAC R-ElCCTAUNS. 

309000 

909000 CCUNT INC BATE 3.«F«CA C/P 

3C9000 BFSOLUTION loss I f/3E«C6 C /P 

'C9C0C PLATEAU CPABAfTEP 

309000 ALPfA SCC-12CC V i 1 l/LOCV 

909000 PETA-GAMNA UCC-ISCC T • 1 1/lCO W 

309000 PAICtSlON »/- C. 1 9 F! 

30900C T|HEP C.C! TC 21e€ PlALTES 

30900C 

••09COC FACIATICA CETfCTCP LS9T9 lllll 

309COO 

3090C0 ICCuAATf NEASUPEMfNT CF f | TH| A ALPHA, BETA, GAPPA. B-BAT CP 
309000 NEUTRON BAClAT|ON A$ IT |S APPLIED TO A PICLCGICAL SPICIPEN. 

309000 

309OC0 AATE C TC C. 1 PB/AA 

3090C0 C TC 1000 B /HA 

30900C CAltBPATEC CFACrul* •••••••••• CCLATS/?ECt /PIP. AAC TCTAL 

3090CC 

30S3CC CCSIPFTEB, PACIATICN CFTECfCB LS91S lllll 

3 OS 900 

3C9900 PCATaBLE CiVICF HAICA Hill ALFAT LSfP TC BAOIATICA LEVELS |A 
30S900 flCFSS Of A PPEOETEBNINEO iFVfi AAO TC PBCVIDE A CIPEC1 PfACCUT 
30S900 CF THF TflAi CUHULATlVf FAOlATinN CC!F. 

30S9C0 

30S90C BaTF ^FASUBENENT PANCF ••.«••• C TC C. 1 PB /PB 
30B900 0 1C SO R/HR 

309900 ACJuSTABlE AACIATICN AiAB» C.CT /PR 1C SC R/HR 

900900 CUHUiATIVE COSACE RANGES C TC 2CC PR 

30S900 C TC 9CC R 

300900 ACCUPACT f h- ( CAPPA RATI .... A/- 1C ■ 

30R9C0 

10B900 fILP BACCE STQ70 12 1111 

30R900 

3C9S00 PCMTCP ASTBfNAuT PfASCNAL PAOIATICA CCSF, CC 5E BATE INC CCSF 
3CR900 PISTnay, USFC IH STCIS. !TO;S AAG 5Tf3‘. 

30I9CC 

‘•OSSCC CrSF BATE ( - C.t PA /PB 

101900 C - ICCC B/MR 

30SS0C 

3099CC CCSiPfTFB - TpEBpOLUP INF Sf FNT STCTl 9111) 

30B90Q 

30B9CC fISSIVF rOSIMETIR USING TpEPPCLLHINL SCENT F TC PCNUCB RACJATfCA. 

30R900 U!EC IN STOIS AND STOSS. 

30I9CC 
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1MI80 INIiOt ftMGff 1 TC 10E«C9 AAOS 

IMMO 

114000 (iniMTCf - ICN ira<? tiu' 

114000 

luooe IC4IIP AlOOSOi PMTIC1E1 !C *% Tf OlfMtvf Iiac C*AVITt 
lUiSo ITOIS* STOII i*»0 STCff. 

1111C0 IfOTOPf lOUiCI -IliP CCkTitmO IS4I0 IIML 

111100 

ftlice PfCliTlOK ITM1I touicf 1110 CChriClI4G ate KLCCC CfLL 
11I1C0 llIVtVK tfUCIIS* TOPICAL AltCKTPEKI - M laCCEA 1» CCaPCLACt* 
IlfICO ifOIOLAflLfC lUiCiUUUR OOnocCII ia11CS0Pl!li BACICiimEC PClt> 
1II1C0 AlCLlOTlCIt 01 riTIATED TPtPirikl. 

i&mo 

>11100 1AD{A110«4 1 fc toe arCICCCtU 

IlfICO 

lioeoc CCHTIOUIPt TPMP*1kM »-aM) AEOCI 11112 

itoooo 

1I00CQ TPflII-lltll HULTIlUPiCllCN hANC CfATtCUfI nrvlCfiC PCI IKSTaUPCRT 
110000 PCINTINC INC TNITUL TA1CET ACQUStTtDAt 
110000 

1IQOOQ CQNTIOiLIC 4111 •*•••••••••••• 1 

ifooeo 

Itoooo CCNTlOUHt TH«ir-AllS l>ANr H10C4 tli:2 

Itoooo 

Itoooo TP>1II-AKIS IPUNCT ItN PANE CCMICLLfA MCVJCfO FCP IMiaLMM 
SIOOOQ ICINTIHC and (NITIAL TAICIT ACOLlSITirA. 

IlCOCO 

IIOOCC CCNTIClLFr AlCI 9 

Itoooo 

IIOCOO CrNTIOUHi TNAffAltS HANO SCOCA 11192 

itoortc 

Itoooo ThMf-AltlS MULTIPUNCI ICK tANC CCMACUfa aaCVtCCC PCI It-STAtMAI 

Itoooo PCINTINC ANC INITtAL TAICtT AC0U31T1CS 

110C0C 

liocor CONTAOUfC Alts •*#•«••••«•••• I 

IIOOOC 

1100C0 tpm Alii PANtPULATCA |PCC2 2llJ< 

Itoooo 

120000 MCHANICAl lAHPtP PiACEPEM A\0 aETAIlVAl SfCCA lllU 

120000 

1II00C CfPAACTrit iiAlTI ICUCS util 

nioeo 

1I0C00 CiaPACTS aASTC IL'UDI PCI EA|> NAPCiINC 
111000 

111000 IMtlAi 

nioDO 

IIOOCC a#STf STC1AGP t£l€2 UlU 

IIIOOC 

IliOOO MCVICI PQl NANrilNC* ITCAACC and D1!P0«AI CF SCLIC AlC LUUtC 
111000 HAITI MATTIR PROP Thp f IPCR l«ENI !• 

111000 

IIIOOC CAPACITY »•••••••••••••#•••»•• 9 Cl Pf 

1I10CO 

lllfce CPItCAL CITICTOA ICCC1 1123! 

IMICO 

IfllOC ICilC STITI CITICTCP TO LP1AIA DATA CCACCaMAC SCATUMAC 
119100 PPORPRTlfl OP tCI CAVltill AKO PCSStPH FlTIEPf DiCPlEl Sllf 
mice CPANGE CATI. 
mioc 

mioc CPticAi siNirn troii i?im 

msce 

111100 SINiCR PCR CCNTRGi OP PAiTIClE CnAAACTEH 3 11 C ! ANC CPTICAI 
IlfICO tPtPCY lOlUCfl 

mioe 

111100 lASfi OPTICAL ICATTERINO aCNIICP SFOOl 21111 

mice 

I»f00 TPf lAtEP OPTICAL ICATTIAIAC PCNITQR AIU PRCklOl A ACAi T|af 
mteo PfAIUPf HP IIOPT ICATIHtRO IN A IPICIPEN AT ANYICIIIREC AlASuR- 
miCC lAfi ANOif* TNIS CATA HlU PPCViDf INPOIPATICN d THE !l2f* IPAPE, 
miOQ rPlPHTATlCNf INOffR OP RfPPACTTCN* CCNCINTR ATICA AND iCCATICA CF 
mice CPTICAI iCATTIPtNO CINTItt, 

mioc 

1111CQ LASfi TYP|.««,,,*»,*«,*»,,«**«LCH-PChCR LY gas CISCk-PRtE 

111900 PUTIR lANCPlCTP ••••Af-1 IN«IC«iFPI AT HAiP PCafP 

lllfCO SCATTERfC LtCPT iNTENtlTl 

IfIfOO 

IlifOO ANGULAR POUT ION ACCURACi***.. I PIN I0»1RAACI 

mice 

1H1QC CICtLLCICQPI AFill 21111 

I1MOO 

mice P(N|TOa« "EASURC M PAINTAIL FLfCTiCMC ECLIFPEM CFMATIFC 

111100 

mice tANCRiCTF see PhZ 

11I9C0 CPANMIS t 

mice ciPiicTioN pactcr t pi 

mieo pNOTocRiPHic capaailiti •,«••• m 

IM10C 

mice ciciLicicopf iccYA imi 

111100 

IlllflC PCNlTORi P|A|UM ANO PA|A1AU ILICTACNIC fOUlPPfNT CRCPATICA* 
IIMOQ 

mioe lOOfiHt 

111100 CPANAliLt t 

111100 IINIITIvITt K PY/OlYMlCa 

mioe tlNl lAll YAATAtLE 

mice SToiACf capapuiiy nc 

mioc 

mice ciciLLcscopp stcct tim 

mino 

mioc aCN|TCP» MCASURf AND PAINTAIN EifCT«CNIC FCLtPPENi CP|HAT|AC H 
191900 TFf l-PANC RANGE 1)10 TO 19!C 

mice UffC IN ST019. STOII, STC3S, SUAS, !U1S. STCA!, HOTS. AAC 

mioc not. 
mioc 

mioe lie io me p>2 
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19S9C0 CHINNCLS 2 

t9l90C CmfCTlCM fACTO* 1C »*%/niV*<ICA 

fSA^CC PhOTOCHA^MIC CA^AAtLlTV ••••••••••••• >e: 

9M9CQ 

S999QC C!ClLlCSCrAI f''0lT 11111 

J999CC 

^•990C SLP^CtT »** INI tNAKCf ACTIVlTlIS INC DAT* ACCtl’HICA 

]5«90C 

19990C FAfOur^CV PANCC ••«••••••••••• TC TC IC.C 

199900 CPSFfVATirN MODE VISUAL AAO CAKLAA II hS STCftEl 

9999CC 

1999CC C5CILICSCOPC 5FCCI UllI 

199900 . , , 

19990C ClSPiAT CF THE PMSENCE AKD/CP KATL6E AND fC»P CF CSCULAIICaS 
199900 CF IBiFCULAJIITUS OF AN FlECTPfC CgPPEM, SK«AGE CAPAMlITV CF 
19990C A CAT CISPLAV IS OfSIAiC FC® PAtLCAGEC CB5CAVATICAS. 

199900 

199900 HANCHICTF TC ICNH/ 

199900 SCNSlTtVtTY.*************..*.. INTFANAL t C.2CP OEFIECTICF TC 

19990(1 I PF/ 

399900 EHFAnals 29CNV P-P TC 19V P<P 

19990C VtOEC STOAACE TINE 1 HCLP 

1999C0 

1996CC CSCILLCSCOPE - PfcPSISIEM C*T ItCAFl I S97t Ulll 

199AOC 

19960C tUCTPCMC nOnITCA AAC DATA NfASlPtPFAT CAPAftILITV CF LIFE 
399A00 SCIENCE fKP|t|NENT EQL1PNENT AITh A SCPEEN HAVING ICNC TE*P 
39960C PF TENT ION, 

399A0C 

199A0C EANCNIDTH DC TC 9 VH£ (PiMNtPI 

199A0C channels 2 

l99«flC CFFlfCTION FACTdA «••••••••••• I P\ TO IC V PEN riVISICA 

1996QC PhCTCCAAPHIC CAPABILITY •••*•. VE S 

19960C PFASISTENCI LP TC 6 HCLAS 

19960C 

16TOOO CFTICAL PAATICLE CCuNTEP 6C0II 1123! 

lATOOO 

16TCC0 IMS DEVICE MILL BE A SI/E ANALY/EA, IhE AAAL>/LA CCASISTS CF A 
16TCOO FFCnNUlTIPL I EA . AN ANPL I F ICAT ICN STAGE AND SCPPORTING 
IfrTOCO ElECTAONtCS 
16TC0C 

16TCC0 SENSITIVE PAP ANETEA. ••••«,•. ..I EGHT SCAITEPEO FPCP FAPTICLES 

«fT0ra PAATICLE Sl/F.... )C,3 PILACNETEPS 

36T0CC 

36TCC0 ElECTOICFL PAATICLE CClNTEP EfOll 1113! 

36T0C0 

36TCCC IMS ANALYIFA MFASLAES TFf 51/E riSIPiBtTfCN CF PAATICIES. THE 
3ATC00 PIATICLIS AA E ION WED AND ThFAE PCBIU Tt AS A F».N;T|CN CF 
39TCC0 IllCTAIf FIEIC IS NfASUAfO If GIVE AN INTECAAl i|/E nSTMELTICN 
397000 

16TQ00 PAATICLE S I / E. •**••••«••••••«* C. Cl TO l.C PICACPEIfA 

1A7000 FICIN ante !• ECFP | 9CL I TFA S/PIM 

197CC0 INTECAAL r | STA IBUT ICN CAPAB | L I T Y YE! 

3AT0CC 

367900 NUCLEI N#5S NONITOA SYSTEM ECCll 11235 

16T9C0 

367900 TMS DEVICE MIASUAES iHk TCTAl PAATICUlATE PASS Pf A LMT VCLUAE* 
367900 !►€ SySTEN USES A CAVSTAl GSCILLATCA NHICM CHANGES ITS AESCNANT 
367900 EPECUENCY AS PAATICLFS AAE CEPCSITED ON ] ?• 

3979C0 

3679CC PIPTIClE COLL EC T R N* •••••••••• cLEC TAPS T A 1 1 C PA EC I F I T A T 1 C N 

1679C0 PAATICLE S1fE«».*»- C.Cl TC 2C NiCArMEffcAS 

1A79C0 

37600C FE PCNITCA SFCCl 21111 

176000 

176C00 PEASUAE ACfClTY ANC ALAAllNlTV CF SCLLTIDNS* USED IN CF LAE AISC 
3T60CC 

ITNCOC PH AANCE****** A«? TC 12 

9T6C00 SELECtAOtC AANCES#«« PNY 2 

3T6000 »••«••••••*••••• any 9 

3T6C00 any 1C 

1T6CC0 AEACING C.C2 PH 

1760CC LIOUIC TENPEMATUAE AANCE 32 TC 212 F IC 1C ICO C» 

3 76000 

376000 FN PETEA LSlOU Hill 

3 760C0 

376000 PCTFR NEASUAES HYOAOCEN tCN CCNCENTAAUCN CF SCLLTICNS 
376000 

3T6CCC ah AANCE ‘ M 

* 76000 NEASUAENENT ACCUAACT.«..«,,,«,C. C2PH 

376000 

1T66C0 ALTCPATIC PHCTCCAAPHIC PACCESSCA SFCCl Hill 

5 76600 

376600 UNIT PAPVICES PArCESSEP HCLCnPA«S AS PAA7 CF THE E IFC TAC -C FI | { AL 

176600 IPACINC SYSTEM 

17660C 

376600 CYCLE TINE...,.,,.,, .PETnECN 9 TO 20 SEC 

1766C0 PLATE HaCEA « iNflCCPI * 9 INU3CP1 

37N60C EFFECTIVE APEATUAF AT AhCTC 

3T660Q PL AT E a 3, 2 5 IN.CI.9CPI A 6.0 IN ItOCPI 

3T6600 CITA OUTPUT*. PAOCF SSEO MCLCGAAPS 

176600 

1T690C FFAHE STOAACE UNIT SPOCl Hill 

ITA90C 

31690C TnE F6AME STOAACE UNIT PAfViCF! NCNOE S TALC II YE AEACCLT* EPA$E. 
3T6500 ANO STPAACE ON ElECTefNIC CCPpANC ANO nOA«5 |n EITHER CCNTINUCUS 
3T66C0 CF PULSEC NnCt. IT AACVtOfS A AEU-TIPE. NC PHC 1CCAAP*«| C 
376900 FFCCESSINC* HIGH SPEEC, ALTCpaTIC LIChT AO^LSTPENT CAPliA CiFAlH 
*76900 C» PAOVICINC AfAL-TIPF PCVIfS CP FAC/fN STIU! 

3T69CC 

3B6000 fiahT CarpTH ANC SUAPCA T CONTAINEAS ISI019 121111 

366C0C 

3640CC VIPICUS SI/E CCNTAINEA TC ENY|R(NMENUY mCLSE SfEniNCS, 

1B600C 

396000 CAPACITY * tP TC 2C>CA PLANTS 

5M000 
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1H4I0 

1M4I0 

Ifi4|0 

1«44I0 

1H4I0 

IfflOC 

IfflOO 

IMiOO 

I moo 
tmoo 
•moo 
•moc 

OOtOOQ 

ooloeo 

4OI0C0 

«oiooo 

«004ce 

400400 

40S40C 

401000 

401400 

401400 

401400 

401400 

401400 

4014CO 

4O14C0 

4014C0 

401400 

401400 

4C1400 

4014C0 

401400 

401400 

409400 

409100 

4C9900 

4C1900 

409900 

4019C0 

409900 

409900 

409100 

409900 

409100 

409100 

409900 

409900 

401100 

4619CC 

401100 

401100 

401100 

401100 

401100 

401100 

4C99C0 

401900 

409900 

401900 

401100 

401100 

401100 

401900 

401900 

409900 

401100 

401900 

409900 

40I9C0 

4099C0 

4019C0 

401100 

409900 

409900 

4099C0 

409900 

40TOOO 

4CTOOO 

40T0C0 

40TOOO 

40T0O0 

4CT0C0 

40T0C0 

40T000 

407000 

4070CC 

407000 

407000 

407000 

407000 

407000 

407000 

4070C0 

407000 

407000 

4070CO 

4CToce 

407000 

407000 

407000 

407000 

4070C0 


CPTlieaifPIliC 9«i0 M99TICN 0CI47 ■ICOOOiO 11171 Hill 

7^11 (III7IUMMT PIOM1I iHf ilCCODIM CP 7M| 4II09L P(|LC 41 
791 lUOJtCT*! PtiATIOM 9l1H|N Tltf FfllO kllHUT 9IS79IC11C4 CP 
9MC MOVlMKTI 

CP 44C 

PIIT9V1PCC99P9* LIPiUMCUDlPr. CClPLfAl illOlO lllll 

MliSUlf CPANCft IN ILCGO VGlUPl 440 V*lClil4P M1PC4CC1 

PlAtUOINlNT 94NGI-19 TG 900 C9PS 

LG4 l4NCf-l«9 TC 90 CHU 

IPPICANCI PNIUN0CP4P9 Hill IHH 

PUSUM IM9THINC C7CII C9A94C Vf P I SUC S 

M PGNIA NfTIH CP040 Hill 

Pimm OP PONfA OP VAAtUl PP ICLACIS. 

PMOUiNCT AANCfS Ht TC IIC PP/ 

HP TO 144 PH/ 

2C29 TC 1120 PM/ 

|1«4 TO 14*1 CM/ 

14,4 TO 19.19 GH/ 

4CCU0AC7 C.C2 09/10 01 

lAlfP POPti «*|7|P CP09C HIU 

PfitUAf OUTPUT LASIP PCliPA. 

PAHLINGTP C.99* la C4 440 10.4 P|CiC4S 

4i.CUP4CVa.«.... */- 9 PFPCI4T 

P4NGI .a.... tec 4P 

CC-CC CCNVlITfPlvOLTiCf CCNTPClLlC CCI CCCC9 Hill 

CCNIIATI SP4CILA9 POMfP TC %CtT4Cf tS4lCl 97 flfCTPlC4l PICLC 
CINfP4TlNG COPPONINTS 

INPUT CC 

OUTPUT a 

CC-CC CCNVlITCA ILCN PAfGL94C7 4CI PCCC9 lllll 

CCAVfPT pomp INTO UIAIII PCAP PCP iLPCTAtC PIILO CI4fP4Tt4C 
CIPICITCA 

PlffOU|NCV....a«*.**.**..««.a«aC 1C ICCH/ 

P4VI iPAPia.. !Ct4A| 

TO 9CCC V/P 

4C PCNfP CONTAOU.IP iCCl? UHl 

■ IGUtATIl 4NC CONTAOU9 4C PCafP 

• ICUiltlON TOO 

CC POllfP CCNTAOLLIA ECOIT Hill 

MCUl4Tf$ ANC CONTAOLI OC POPfP 

tlGUlATION a TOO 

PP V4PIAILI PONCA 1UPPL7 C4C71 Hill 

PPCVIOPI 90U9CI OP PAPtAOlC PC4IP. 

OUTPUT aaaaaa.taaa.aacaa.taa.a ICC V PfAP 

VOIT4G9 GAIN 1C P 

Cal I TMC 

PPIOUINCT AANCi OC TC 9C KM/ 

PP INCUCTION PM CONOa IPIIIAC C CISPIPIAU IP002 Hill 

PP INCUCTION POWii CCNOITICNfP <|«M/ . iHMtl SPOCl Hill 

PlOH VOLTPGf PONCA CC4DttICNCP SPOCl HI12 

PPCPICII CC V0LT9GI TO CIIHIA TMC 1TAT10NAP7 CA CC47I4UCU1 PiCN 
nfCTPOPHOAfTIC COlUMlt. ACOUIA71CN PLit PCPAI4 CC9IT44t CVfA 
4 P|L4TtPfL7 LAACf CUAAfNT DfP4N0a 

OUTPUT V0LT4G1 AIGU4T lONa aa aa «-Ca 1 1 
POiTACI aaaal9 1C 2900 70C 

■lACOUrtaaaaaaaaaaaaaaaaaaaaaaPOlTAGC kf«li 
POPlf OUTPUT TO COLUPNiaaaaaaafOP lUlT4|ltlC 
ICC4 PiAR 

PCPfP CALtiPATIQN UNIT C4072 Hill 

PiOViCIl RNONN INCAIPINTALLT CCNTPOUAllI PCbfP IfNlL PCP 
ITiNCARCI/lTICNa 

OUTPUT a aa -ICC TC «1CC 7 

LC4C PfOULATION aaaaaaaaaaaaaa 1 P> * OaCl 9 
IINI tlCUlATtCN 1C P% * CaCI I 

IPIIP POPIP lUPPtt ^ C40AT mil 

CCNPCPTS 4MC PCGULAIfS PAN SP4CCCPAPT PCnCP 14 A PASMIC4 lUllAAil 
PCP PUPPING A lAIIA. PAIPC IASCA POnCA CONCITICNCP ANO CIITAIPU- 
1ICN POA Aik lAICAfa 
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VCLTICI OLTPUT 

■«»•*«••«•••••••••■ * /* C« 1 t 

fraf* itc kAii! ra» 

tRAHSIFNT tfCrvFPV * c.i srccaci 

fcatp ’JilfPtv snn siu 

riFCTRtCH PClifP «CCUL«nCK AKD Ct^TRIFijTICK «! PECUafC «kC il 
VJPIRPLF VDITACE >*NCEI. 0«FD IK SUZS» *T(JJS APO STOAS* 

VCLUCE C TC ?A ^CC 

* 2CC AA1TS 

C«C) Kill 


FlFCTPOFiIC CHIVEP ASSCPfilT 


CC0C6 Alll« 


!»■€ FLEC1R0*i1C CMVtP ASSEPPLt tfKT*CL! iMf i ICUC OPCF 
GINIRATfiP. IT CONSISTS OF A GtNIiAlCP PObEB SlPPlT. A FAATKlf 
CPiPr.EP PDalP SUPPLY ANP A OLAI PU JE CEKEPATTP. 

► ir,M VCI TACF PPmEP CtPOmCMB UlPVI SPOC2 SIIII 

i(N vniT/t-ir.H A«ip PfafA cckoeiicnea iickii» SFCCZ )llll 

FFFSSU t .ENSOPS ECOC7 SIIU 

PIASUPE PPfSSyPfS ft-PCuCk* OUT THE SYSTCa 

PPKCFS, Tf 7C PfIP HOC TC lOOC T(FP» 

,.,.•*.***•*•.11 It SO P5I U,9FA-BA.S£*A/A2 » 

1C TC 3CC P51 OA.5FA-;, IEAA/P2I 

ACCUPPCY ..If CF FLU SCAlf 


SLPF CCPFAE5SOB 


ECCOA imi 


CfapAESS EPPENCIt f PPFA lAFkT CAS !A»PIFS IMF SL*»P SICAAGl IAAb 


CC*'PPfSSItN AATinPAII. 


ECCCl 11U3 


STfSFS rrOLANT. 

STOAICE IAM - lAATF SA»PLE 


EcocA nm 


THS TAA* STOPFS SAPPIES CF FAATF CASSIS, TK ASSE*eiY ICFSIStS 
CP A PPFSSUPf VESSlLt A PCSITIYE FpPLLSICA PECllAICP AAC A 
FiArCfA. 


PAtSSUPF****** Ala |7bC P* HGI 

YriUPE*a«**.*««******««**t •«.« 10 Cl.FT,IC«2e Cl»*F1FPM 


CAS SAPPlP STOPACfc TAA«5 

PAESSUPt VFSSFlS FCA STCAfAG EPPEAIPFM CA£ SAPPLES* 


I COCA Slin 


AAl PPFSSUAMFSTI**..,. 3CC PSl I2.1EC6 IA/P2I 
VOIUPE 1 CL. FT. IC. C2P CL* PElEASI 


Step STC«ACE TASK 

S1CPE CiS SAPPIES AFTeP EAPFPIPFAT EVAlUATICN* 


EcocA mu 


y OO' 


p«l PPFSSUPF lESTI,***. l9Cfllll*CSEC6A/P2l 

VCUIPE* 1C CU*FT. to.za CL.PETEPSI 


UMFA PNC tlfCTPClTlE SLPPIY TAkK? 
SMC1"FA/SAPPIE SUPPLY TALKS 


alSTF I ICUIC tank 


CtClAM SUPPLY TANK 
V<CUU*< CATCF TUPF 


SFOCl 1111? 


SPOCl IIUI 
SFCCl nil? 


SPCCl 11113 


SPOOA 11219 
ST2A1 11119 


S1fP» Full FOB COPBUSTICL FFPtPlPEAT 

vriuPE..*., I CL*FT* IC*C99 CL*P*I 


rPIDI/EK TANK 


sTra? otici/fp ftp ccpblsiicn pfacticn 


SI2A2 11119 




YriuPf ; CU.FT. ro*99 cl*p*i 


IFEPT CAS SUPPIY 


ST 2 A 1 nut 


SiPPLV paCSSUPE FOP FlPViUCN CF FUfl ANO CtlOllCP PPCP SICPPGC 
tanks 


V'UU*F C*22 CU.FT.IO.OM CUP» 


CrkCENSATI TANKS 

TiN»s Fr h sTrPAri cf CCAriLSATf 


SI1C2 21113 


PPFSSUPf PCPSt U.1BF10E9 K/K««2I 


SICPACF - CAS SOUPCf 


STC*9 Prill 


CAS SruACE STOPACE PCTTUS CAPAPLF CF ETCPIKG YAPICLS CASfS AT 
»<1CH PRESSUPtS* SIP(LAP TC STANDARD K-tCTTlE5« USED IK STOIS, 
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«icooe 

4lflOCC 

41MC0 

•looeo 

*iooao 

«ioecc 

SURCO 

%toeoe 

410000 

410000 

410000 

410000 

4I00QC 

410000 

410000 

410000 

41OOC0 

410000 

4100CC 

410000 

410000 

4100CO 

4IOOCO 

41C0C0 

410000 

410000 

4100C0 

414100 

414100 

4141C0 

414100 

414100 

414100 

414100 

414100 

414100 

414100 

414100 

414100 

4141C0 

414100 

414100 

4141C0 

414100 

4141C0 

4141CC 

4i4icr 

414400 

411100 

411400 

411100 

411100 

41110C 

411100 

411100 

411100 

411100 

411100 

411100 

4111C0 

4111C0 

411100 

411100 

411100 

411100 

411100 

411100 

411100 

411100 

4111C0 

411100 

411100 

411100 

411100 

41T1C0 

41T1C0 

41T1C0 

41T100 

41T1C0 

4P100 

41T1C0 

41T1C0 

4I11CC 

411100 

4111C0 

411100 

411100 

4111CC 

4111C0 

411100 

411100 

411100 

411100 

411100 

4IM00 

4ll«f0 

4111C0 

4111C0 

411103 

411100 

since 

since 

Miiee 

4II00C 

4IM00 

4iieeo 


non Mc iron. 

VQkUPt - »MflC4l •>•••••••••« ! Cl. 'T 14 tC«l4 CL Pt 

MiiiuPi MiliHu* iccc ni 

PMIIUM fPMP lYCiP 4I1U 

MCVfOP Pt||ll>PP lOUPCf Pf4 sATt* PPFC SVSIf*' K lUAir CfkMATC* 

OPfiATINC ICC >SllA.l>iatl 

mip pfSfPvoiP 4iTh ^lATM sicn urn 

nCPI bATffP POP STIAP GIKIPATTP fpPlPIPiM 

opfPATiNC KPm2«cmcf* 

TllkPl - PUIL/OMiCIPfP 5T174 41131 

SfVlLPP TIM TANPS CAPAlLf CP STCP|SR CCPBCftVl PtfLl A4C 

CPIOI/fPS IN TPl ICPTir LAMtPATlw^ AT iCb PPi!HHf|« LSIC 14 
I104S AMC STOPS* 

Stfl AMPnilMATiLV C*T« OIA * 3 PT 

fc*2;s CIA A 0,1 »i 

TipPiPiTtPi siNsrPs fccci bini 

MAIUPC CrOlAAT TfPPPPATtPCl 

CPMATtMf TP«PIPATtPf ■A4rf,*.-T« If IC44 |-4C TC 4Cf I 
C2PI */-C«ClC I 

P|SltTA4Cr T4|PHC«IT|t SP0C3 4UU 

TPfP«*OCOlPt.lS iPCC) 41111 

lAlfPUMPHTATICki SfNSr.P SVSUb ST2il 11114 

inrpit INCLUri TMP|PATu*Ct PPI$!l»f AaC ACCtLikCbllf a SP4SCBS 

TiPPMATtPi smcps sTaeo mil 

IINSCi Tr •fiSUPS f P»'PlPATt»'t CP fr*Pi!T|C4 PPCCPSS 
TFNPr«ATuM panCKIST I*,.,,., icrc 1C SCCCP 
Pi.»p ccoci niii 

PU»P CCOLAKT 14 CPL CCOIAST SLH!>!Tf» 

PLCW nCCCC/PlM 

HI ICIflTI.*,..,*,,*** ••••1 PSI t4*1lCS 4/bll 

pitiiinc pu)4pi spcci mu 

ILPPIP A4C SPfCI<*f4 PlTIPlmr I*L*P! PCP CC4T14LCL5 PLCb 
IklCTPCfPRPf r 1C CQL0«*4 

PLOb CCTPl/»|4 TC TCPL/4J4 

PPCSSUPt PfAC*. ••«••• *PC« - !.t U 14 PSH4PC4 - |CFC44/»a» 
PIPPnCUCIIlLlTV..,.,, «-C*9l 

PLMP STICO mu 

PL4P aiATIP TO STIAP CfllPAtOP 

PLOh e.l LPPMP |C,041KC/P14» 

PLVP CAS* CIPCWLATI4C L!lCll IIIU 

PIPP PCP SIALIC PLA4T CPC4T** ChAPFFP 

MOP VACUUP PUPP SP0C2 mu 

U41T IS USIC IN CONCIPT pith PCLICUiAP IlfVF. IT IS USIC PllP 
fp| SPACI VACUUP TC PLfPO 0 Cp 4 CVfNS. Th| S L4|T IS ALSC USCC C4 
TPC LlVlTPTlON StfFLfPfAT. 

PPlSSUM-APSrJLLTf ••••••*••••• AveiiAT TC C« 1 PSIA 

IP PtPCPiTfp spooi mil 

TPl PvPOPfTFP OPTICALLY SPPfFS Tbf |LTF4Utv CP PPCIA4T IMPCT 
IPITTID PPOP Tbi SAPPLI SLPPACf 

TFPPfPATuPf IC4 TC S4CC P 140 TC SOLO Cl 

IPfCTPK RIIPONCI* C« TC - C«1T PtCPtMTfPS 

CiilllATICN ACCUPACT ««-lt PLLL KAif 

mpfataiilitv pull scali 

TpC - COICP PVlOPlTfP SP0C2 21111 

LllfP PVPQPfTfP SP001 I121S 

PTPrbF^pp stiia mil 

• MS'JPk TFbPfPATuPI rp CCP1LSTIC4 PPCCfSS I4 PiAPf CpFpISTPv 
fpPfPlMlNTS, UlfP IN STC4I ANO STCIS 

rPMapSATuM PANCF C TC 1COC CEC P 

ClCITAl TAPI PfCCPCfP 

P>nVlCF CATA STCPACf POP CICMAL PPCCMS PPCr.PAPPFP 
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%iioca ^ 

421000 C»>»««»iKS *..l* 

421CC0 

42«ooc ticrtcM-ii^F ASCII imi 

afsroo 

424000 •fC040l«»C Of SHFCTfo nsasanrat nSPlAtfO rs Ihf Ctatstl a^c 
424000 oiSHAv roNSGir. 

4240C0 

4240CC MUCMlOfa rc 1C 2CC MKf 

42400C CMSMlElS 14 

424000 Tim aailKS FCOF lasca 

4240C0 •Ecnacfo foowat •••••••••«•••• oighai 

4 2400 C 

424000 «ICC»DM-T*pr Hfoil Hill 

4240CO 

424CC0 afC0»CI4lC OF SELFCTfC PASAafTfaS tHPlAlFT C4 1h| CfAUCL A4C 
424000 CISPLAV CQMIOLE* 

4740CC 
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SENSIKVITV ICC IRC tK|T< CUPtI FPCCUCtC 

4ITH C.8 fCGICARClE IlltPlASTICF 

VICEO CR^EBA, e/ii l!419 401111 

fFC%ini pfAms nr aciivitv POHiTOPiKOt L>PiBt*rst rstR /cctisirict 

MC. StriTF" PILL !*»UBPACE Pl1i* A 4C lAPUl VICEC PLtTtHflf» TC 

PiBPiT n>i pniD iTOR INC or *c *imlrb vheo capibas. 

VISUAL BESPCNSE... t-LPA* EVE 

viDEi ngrptr. ..ccastant ^rih lighi uvil 

CMAKf.lS cr IC ir lOCCOFT CAMlM 
1.4V P-P CCPrCFIlE. CCMCPPS ?r 
CIA B<>17C STAKOABC 

CAPEPA. TELFVISKiN C*«C4 IIUI 

rrrvlCFS asiponalt pIti- vtep cr r*BTh sceke. 

VlFh ANCL I ?C f [ GP I c S 

• ESriuTICN (?* liNf! 

SPECtfrAL L>AliCplCTt- * 

S4FC» bate 19 rrAPr* ptb SlCCaC 

CIPF4A, TV SlCi* '11?1 

BMi-TlPf VIEPlNC or lAACIT IAEA!. lAKC pABA AKO SIAA r*llC 
TAACKINC. lAtr SEKSCB tCBE S IG»* T I *G. 

USfC C* STC*S. STC9S AKC ?UeS. 

VHP angle * K 10 CEGBfES 

BEsnorinN ic?* likes 

VlCEf CAPEBA. CfLCB l!4*C Ulll 

fACVlDF COLOP VICEC OPSfBvAT|l*S tr trPEMPtKTAL AMPAL*. SETUPS. 
Elf. rr* STOPACE VIA vmir^TAPE PCM TPANSpISMCk 1C IKF CBOJKC. 

■FSHLUTION (PINI. 7SC LIKES 

IFNS. SIANOABO 14PP. C PCLM 

rccp prsiTioN tv cisplav afboi inii 

CISBlAV PFCUiP BISOLLTICK IFltVlSICK C» F»rEB|PCKI pffp BCSlTir*S 
eirORE. CUBING AND AUEB EACH E»PfB|PEM BEPEimCK. 

BESGLLTIJN s;* LINE! 

FBAPE BATE )C FBAPES/SEC 

PANCVtCTP VHF hANGE 

ESAfQtPENT TV CISPLAv AfiO? Ulll 

CISPLAV PlCH BESLLbTICN TFLEvISICA PICTL“F! CF AREAS C» |KTE*fST 
IK BEAL T|Pf TB FBO* VlDCC PECCBOEBS AT VABICIS SPEEDS. 

BESnuTION *. 2 *. lIKES 

FBAPE BATE... 1C FPS 

PANCPirr*.... lhf bance 

TV NCNITOB Ff'Ol? Ulll 

CISPLAV TV CAPEPA GLTPlT ShGaINC CHAPP|B PhEKCPENA 

Tv PCNfTfP SPOel Ulll 

TM POMira Milt CISPLAV CCTV IPAf.F! A* PAB1 CF TKE ElfC»f- 
fFTKAl IPACINC SVSTfP, 

SGAKNINC EBEguENCISS B C ■ U CN T AL : 1S-4C «H/ 

VEBTICAL t 19-40 E IILOS/SICLKC 

VEBTICH SCAN LIKES 

L I Nf AB I T V. ............... a.... 1 1 PICTuBE h||1»hT 

..(MTr* - TV ST024 !llll 

CISPLAV UCP BfSOLLTlCN TflEvUICK PlCTuB»S I* BFAL-llPS CA EBCP 
VIOEO TAPE. USfl ON STC15. STC2S. STClS* STO*S AKO StOSS. 

■ ISriLTION t?S LIKE! 

EAAPf PATE IC F»S 

SCMFN Sl/r U IK t?s.* CP| 

• t* ittb, virir LSiccs uiu 

• fMTGA tv PIfllJKE* rt Af IPAI A4C C Th» A IA» AfTIVUIFT 

Cr*STANl tEPP(*»’UBt BlCt* ICCPI I L<IC15 7IUI 

VTAT SISB PAINtAtNiNG A L(NStAKl IE»FF*ATUBE FfB lEU TLEtS A4C 
V I Al S. 
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4a*4CC 

«M^CC 

alTCCC 

alYOOO 

aiTOCC 

4 t?cro 
4 I 70 CC 
etTflfo 
♦• 7 CCC 
4 I 7 CCC 
417000 
4 i 7 oro 
447 CC 0 
4 «|fC 0 
4 M 200 
4 «S 2 C 0 
441100 
441100 
aeOCC 
44470 C 
• ss 20 r. 
44 I 2 CC 
4442 CC 
44 S 7 C 0 
44 A 2 CC 
e «*200 
4442 CC 
4442 CC 
• 442 CC 
« 4 «;oo 
«> 4 I 2 C 0 
s 4 l 2 Cr 
e 4 S 20 C 
4012 CC 
e 4 t 2 C 3 
44 a 2 r.ej 
44 R 2 CC 
44H2CC 
4442CC 
4447C0 
4442 r 0 
4 ea;cc 
« 4 i 2 ro 
44 S 2 CC 
44 S 2 C 3 
444200 
444 irc 
444300 
4444 CC 
^44300 
4 C 43 CC 
^44300 
404 JCC 
44 I 1 C 0 
44 I 1 CC 
441100 
44 I 3 C 0 
44 ncc 

44s«C0 

444300 

44I30C 

44I1C0 

44I3CC 

441400 

4444C0 

44I4C0 

44S400 

44240C 

44I4CC 

444100 

444400 

44I4CC 

44I9CC 

44I9CQ 

4449(0 

444400 

444900 

444900 

441900 

444900 

49I4CC 

44 a 4 C 0 

44I9CC 

44I9C0 

444900 

44I9CC 

44I9C0 

44I90C 

44I90C 

44I9CC 

44MQ0 

4449C0 

44490C 

44C9C0 

44I9CC 

4449C0 

44 | 9 C: 

4449CC 

4449C0 

444900 

4449C3 

449900 

9049C0 

9049C9 

9049CC 

104900 


f|*4|44Tu4| ••••■■«••••••••••« 2*t*/*l»C 7 H20*/*0«9 (I 

cti»T4rui4 iccoi imi 

Cf474fii CruiSNl TM4f04T04l TC ClSlBfi C*«4affa 4iU 1l44i 

UMSi44fU4| U47 |-tC K ^CC I 

ICCU4 4CV* 27 IC.ICI 

TfVPfaSTLlf »CN|Ttj4 97144 lill4 

PCMTCtS 440 CCTiTMOiS TUT CH4P4I4 TfaPfasitiE 

TI»|a - IVTNT 41CC4 mil 

CtOtTii 0(S414T C4 TIPk oi l7Pl4CtO 7C4 * 4S771CU144 

IV|7»T, T|f*ia CAV44l( C7 CCtKTlH^. t* 04 0*347 *70 tPCVlOIS CISCPfTf 

S3I4T 47it STOP CraPiHCS (PmullS 47C $ICL7C!»» 

rjsaiiT ••*•••«••••••••••••••* 9 ciCITS 

CISPL7T T3Sr L7C 

TlMfil - fViNT **(0Cfc lllll 

riG|7il CISP14T C7 T|4f 4(>iA|7tNr. (4 r»Pf4C€C 7C4 4 4*47IClJl<» 
IVfNT, TIXI4 C444iLf 04 tCVNilMi tP 0" DL47 440 PPrvICIS ClSCif^f 
5U4T I4( STOP OHPPAfcCS f4|4LTfS iHC SECr9C!l# 

9 ciniTs 

CtlPlPV TVPI CEU 

ISTM74CI OISrPCTT 

3 tM(U > FvfST 9CCC4 lllll 

rir.ITiL riSPlAT TF TIpF SSPAIKIKC C** OPlKCfC FCP • FSFTICLISP 
f 4 FNT, Tinft CSaSIKf (F OUMiNr. L»» 0- rr44 440 PPOVlOM ClSCafT* 

susr *KC stnr c*]pp44CS ipiklte: snc !icr4cii» 

t'lSPiit 4 rtciTs 

LIIPL4V rvPi ur 

191C70 mil 

rk4f**4i ••.►nnjs Fisasir Ti*f i.^vlCF C«r res vamclS fSU^C^CTCf 
MS79 

ncn*i aoc4 sfcci iiiii 

Eir.ITK TIPI 0ISPL4V. PSP 7 OF 0101741 FPfCfSJ PPLtPSPPfF ISS» 

*'ISPl4T ••••••■•••*««•«••■•#•« 9 CICITS 

ntSPiSV TVPf CEO 

f|M(a, PPIClStns CLOC" C49C2 mil 

PPCVtOFS PPKI9C TIPI PtPl4f4CI* 4I49LPI 7|SF 4l 4PICF 7»*45l M*S 
cccyPS* 

risPi/T 2^ PIT rir.MSL ciCCp »I7»- i hp, 

7|*f PfalCO 

CISPI4T TVPf .€■••••••*••••#•• iHCMSC 

SrCOPPCT 1E-C4 

ripfp - PiisioN 4S0C7 mil 

PiCPiQfS TI«F PfFfPfSCf |4 CPl244|(H P14N 7|«( sITt- 1 SKC4C LP- 
C|T| P4|4T4l*ftC /|4 rSTi PASSriPIST CPPPL^fP - 049 .fOLP «P |4UTF . 
SICC4C* 

CISPCIV T 010I7S 400 

'7ISP14V TVPf •••••■•• •••••••• Lie 

Ti»fp •> PISS104 HfooT mil 

FsevtOES T|«r PfFMPNCI |4 r.tfiMiaiCH P(44 1f»4 sill- 1 Sfccsr UP- 
C«TE «4|l4T4|l«|r 4 14 0474 P4H4CFPE4T CC»PC7|a - 04 9 .mCC* <P I4UT | • 

ffcnuc. 

01SPL4V T CICITS SCO 

ClSPCiT TVPf lEr 

T|MfP •> aiSitCH SrCCT lllll 

44CVIOPS TIME ttPItfivCf 14 CairNalCM Pfsn T|pF 4|7p 1 SICC40 tP- 
CITE M4P9T4IIIFC Vl4 C4T4 P4<94CfPf4T CraPc7|P - C49 .fCCP tP l4UTf . 
!ICC4C. 

ntsPLPT T r.icirs tee 

CIS *149 TtPF ••••••••••••••••• Ct/ 

TlPf CCCf GlMitPATOP 440 0ISP149 4P4II lllll 

4CCC44TI P4F0UIUC9* T tPF 14l7fP94L 440 TI»E atPPlFlC C44it 1 1 |T 1 1|, 

CUTPCTS««a»««...« K( BH/t I PP2t 9 P4| 

4CCIIB4C9 9C-1C PAST! PfP 049 

T|pfa SHOT mil 

T]»14C 4<9r 94B|44tF PaCCP4Pa|4G C4P44UI79 Tf CP|P47f 44C CCBTaCl 

F»PfP|»|HT 4SC 9uPP0*TmC cfiU4«F47, LSIO |4 S7Q1S 44C S70]S« 

fT41t|i«C l9fTF« - |4(T|P|CCrCIC4l C9P|4 lllll 

ST4IX 440 PIT PtncCCIC4L !P|(|Pf4S PCP P|CP(SCfPlC ISPSIAPTIO. 
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aiCPCClSICTlCN TOOt *MT IJSSS Hill 

STJMC«»C **r^|CAl MlCtrClSSECTITN >11 

«maNO> PifCtCAi KIT tCroFt l<<iS7 HUl 

I^CLUCES 010SC0^f/0^Tt-AL«*C SCOPE , EEFU > H*»»*EOt M| PCC 1 1* 1 *C ►£ T 1 1. , 
TCUPNtOtJlT, STPINCES. NEEOUS. SCSlPElf, hEPC'UIS, T»EE7EBS, *kC 
C1HEP STMCAPC ITEPS* 

MSTCLOCt PIT/SlICF C*PI*iFT fCCPFI I IIIH 

SIPNOMC PIT CniitSiMiPC EPCftfS, ^EEClES. StPUffS, CfVEP 

SLIPS# LPCLES PIUS OT»*EP KOf«aiLY tIkCLLDlf) HEPS. 


PIT, PENCM C»-EM saiAI. 


L5S(S mil 


KIT CONTSlhS tee TOOLS PPH E(1LIP»EAT IT PAAAOf CHfPIC«iS «PC 

eiriQCiCPLS eufcfNG vppiols p*kc*i pprcrnuPEi cekeraiiv PfPfCPPEC 

MUHIN TEE CLOVt tlCR. 


•ti««««€#««#«####«#SCLlL fUSkSPCPI UClS.CPfVlTV 

lNCEPr<^CfP1 PIPETTES, %I*LS» 
PC11HS# #M' TEST UFTS. 
O-P^KAt^* STCfPfPS, flHEBS. 

ASr 5AP*Tt SPifLCS 

■ It. HEPAtotoct mil 

FtrvlOE TfOLS FOP SPPPillkr.* HAACUKC# raSASPE ppi at. aac akalt/iag 

Pircc 

items.#* ••.•••HEPATCPl TEP PITs 10 LAPfelA 

Cl SFCtlPE 1 tf ? 1 fOEFillES; 

Atcc!; sec PAC pflc tiilems 

CPITC'FAL S fPPCCPIT ftfFStPKPC, 
Mf PAA IMI /FHI S MfPCCAIT TLPES 
IPrCPC, PIAIAH EiCCC CliLllAG 
pipflus CABC. peo; ccppisTiK 
ILBIAE Tf!l «tPlPSn ilea 
ACAP liaS* VACLTaIAEAS VAClTAIAEP 
AAEL TAIKFB-MIDLE LAiTt 
AACLTAIAFP tlces# ASSCPTEC (?»L I i 
SYMtKff llAFCfl. PFOIATPIC 
AiCrKCi SAPPEl lAKCETSt AEtClE. 
?SGA, S/81M AEFCLf 72CA,] 1/2IA 


■ IT. LINFAP MFASUMCNENT 


isse? Hill 


CilFPNINE SI7I# APPUU.CF, niflAAfE, ( lPCt»FEAEACF #E TC 


PIT, Micprnotrct 


,AUifPS; tapf*; liaeap ccpiaatca; 
GPICSS CAIIPEPS* IKSICE lAC 

cci5trf; yfpaiep caiiffas; 

PICACPETfPS. lASICE AAf (LTSITE 

is<ite mil 


FFCYin TOOLS TO PACIllTATF OPGlilAr. AKF AAALY2IAC HtCArtlAl 
C FCANI /|AC 


•iNCCoiATiPC ircp; lArcuiATiPr 
AEECIE: rCllfA SA*8S. lAOACES, 
STEPI**-. «YP»AC€ !PL. SIFMlF; 
ELIcr ALCCHtls tlfES, 

<TEPILE# CAPFEC; 

7EF tWA*i, TIKLTUPE# H!CC: 
eACifCtN€P«ICBtS1EPtLI/|Ar UAITI 
1 TMlCGiYCClLPTC . TLPECS STUPPT 
TPANSPCPI PFCIA. vials: TSA 
U AK 1$ 


PIT, TPCANIS** HHClNf A*nC mAAACFPFM 


ISSA 9 mil 


FFCVICC TOOLS PNC ClVlCES LitC lA ti-F hrLOlAG AAC haacuac CF TaE 
rirpNtSNS 


ITEMS FOB SMALL VEPTEPPATES.. 


ITfMS P0« PLANTS* 


CLCvE PCvrEP: cagc shiilc. 

PLASTICS PLASTIC llAfP hITt- FACs 
FCCC PFLLft CMPENSFPS ALCChCL 
ElrAfSS ICaELSf PPPfP, C1SFC*: 
PLASTIC PAGtFCB (IPCAC IELESI : 
FLASHC HAGIFCP AC Af K F f AC I «L F S » S 
CPCANISM TRANSFEP CAFSLLEl 
AAtPAL TAGS 

aATEBING OevICElSPMAT ECTTlEU 
LACEL*: FfPTIlirtP PACAEfSl 
STAPf !41CCM| 


PIT, PtPAT TOOLS 


l!ATO mu 


FPCVinC TOOLS FOP VAA lOUS PLANT P AAl POLAT | CMS 


fj 


*!CtSSCPS. TMEEZEPS. SPPtLlP. 
APPlKATCP# SPLlNtS# TAPI 
ClSFfASEP. NVACCfiPIC AffClFS. 
SVPIACES. FTiClPS, PLifPS, 
crtEArPIvFP, scalpels, SfAlfPS 


t|f, CFAFAal Tcni 


•«C*-AN|fAL PNC FtfCTAICAt tCCl< AAO hAACAAAE TC PACVtCf 
CfNVfNTIONAL CIACNOSTIC, »AlAtA\AAfF, AK( fEAVICf FUNCTICNS* 

TrOLS.*.# APlACHt!. PlIfFS. SCPfM 

raiVfBS* CAUL. ACMfSiVE TAPE* 
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»07tC0 hiac H*! TIfS. ai«E. 

«07ffc it.e»rc*Nis« fiasi-ug*-?* scissc^s 

1079CC , *LLTt»M»»« raSTFi^ffS, 

«0T«C0 l«»>» 

^OMCC 

«0?*CC «M| ».•» LS^<-» lull 

«0T«CC 

»07tcc ufKf»n ft UK LP - SPCkf.ES Mi»f< 

»07«C0 

107fCC ilT, aitun SuFCICil ISICCC lllll 

«07«ca 

907fco pc» viPicus •iHOi’ suPcicPL ppccicuf; 
lOtaco 

907«CC KIT, P*-VS|0inC7 LSICCI Hill 

«07KfC 

907«00 SPCKGItf S»CKC€ SQUElfPf VUIS, CAlCPiC STUUiTOP fCP E«P 
K079CO CiKil. STPIKClSt TP»*«LPTCPS, ffC, 

«07fC0 

»07#cc rM.TtOl - IKSICT PtMPUATICP l!lC02 lllll 

KQTfCC 

»C7«CC Tfri Ml Prt CCIIKTINC, «rPT|NU. I pPpIKPTICK,F 1C. 

»07fC0 

?IltCO tPU^ PKAlt/fP - iUTCPiTIC ICrMi lUf« lllll 

W17C0 

^21TCC flPIPlllTV PUlUPAT ICPLl T PtPFCP** L*IKF PKALTlCS* 

974KCC V#CU‘j**/PPf ^SliPF ►fPSLPlPFKT UMT SPOC2 lllll 

9I44CC PPF^lUPPS !K PPLfl?S CHPPlfPf, GKH I! ALSC FUWUEC 

1J4ICC 7fP PUPPCll *KO llVlTATICK SLiflEPIMS. 

9U9CC Pit JItPl-PISOLtTf PPKlCKT TC C.Ol PSI# 

l24»fC 

JlJifC Mf^lUPf ST2<C lllll 

litscc ^usrps ir •miiPi ppissiu ie cfpptsncK ippcpufm 
•249CO 

4745rc PPfSStPl 

124IC0 PICK CtMPfA *S<f«Ptt »'COC4 1112*. 

1U2(C Tkt? Pi5 f**it7 CuMPOL* T^f klTfc CP Gp!!E! U iHt CPt. Il IS *ir( 
S242CC UP OP P|.b<*flNC COKWKCNTS* SClfKCIO V*lVl5t * MU PSSF.Pei»* * 
5/MCC VIST ISl7PPl7i SPMtV CrPPCKFPTS INC P Pt»Ur !LP«SSf»PIV. 

5747CC PPfMUPF ursit'^l' SU«J llll* 

S747C0 PtPSliPlS PPfSSl.Pl IK TtSi fhiPPfP PPC flSPlPv! CtCITPlLT 

•7TPCC SttfKOIC VPlVf* f(CCl ICI171 

S170CC 

sjTncc rfKffcoi iiuic Pirn 

527OC0 PCCULPTIHr VPlVf tCCOl ?ll?l 

927CCC 

fJTrcc JCJLST Piuir Pion 

S77CCC PPf'SUPf PfPULP^rPS ECCCZ 9IUI 

S77CCC PPPSSUPf PPGLlPTfKC VPlVf PCP GPSlCtS PPf S !LP I /*7 1 CP SLkStSTfP 

SITQCe PfCUtPtlON ..•..S.7 TC l*.l PSUlUO TC 7fOT(PP» 

1ITOCO UPlTPfP" PttSKU«llfST».*.*».**2C II.4fC» K/P2» 

»270fC PPISSOPf PICUlPtrp EC0C2 11121 

927CCC 

S27QCC ViLVf PfCOtiTUf SCPPlt PPfSSuPf 
SITCCC 

SITOCfl PPCUIPTICK PPfcSStPKESn 2C pSI (l,«FC4 4/P2I 

S2TCCC MAP LPSTPIA** PSI 12*1 EOk K/p?I 

S270CC 

S27CCC SClUClC VllVfS fr0C2 111121 

KftCCC 

fl7OC0 CJS SPUTPPP VPLVCS 
9I70CC 

SfTCCC VICUUP/PPPSSi«Pf PtCUiPTCP SP0C2 lllll 

fITOCC 

97TCCC TPf cMT PfftlPTU TkI P4|<S«,PC 14 iHt PPrCfSSUG CfAPfiPS PV 
S2TfCO PCHITTIKC HUID PPra P PltlD SCPPIV Cr4T4I4EP* This CKIT is PlSC 
SI700C fPPLLTrC CK T»f CIMPPl PLPPCSC 44C lfV|T4T|C4 <L8lLlPC41S 
917CCO 

Sf7CC0 PPMSlPI-PPSPlUTf «••••••.,••. C,l TC ICCC PSIP 

SJ70C0 

pioTrc pfurh ctvicip, utcimko cppcp *1111 

SIC7CC 

S107CO rivicis pktTtsKP pnpfp cltput, 

SlOTCt 

nOTCC ISPliT CKf !C CPP PCPT 

S107C0 nuTPliT POPTS ThCEE 4C CHP pcpti 

notcc 

njCCC CIC1T4L POkfPfTfP spool lllll 

S120CC 

Miceo VCLfPtTIP POP CPTA PCCUISITICK P4C CC4TPCL LKIT 
ppioee 

PP7PCC CC VClT .'*P4CP. ••••••••••• ICCPp Tf ICC% 

svoro PC vriT iccpv tr icv 

Slier: ppscii Tins «•••••••••• c.n pui scpif 

siprcc pcruPicv,. »-c.pt«>: cicn 

SJICCC 

Si 2 r.ee vriT>« npTEi LSIC12 lllll 

sspre: 

Slircc P(PTPP»f mUPLf Pui TI-PLKCTIC4 UTlP PC* CPKfPPL PV.PPCSI fPPfP- 
pipnce ipfKTpi pcpp p*'C Tpotiif s^crTiKc, 

IIIOCC 

S«70C0 CC ICC PS tc U «P 

SSIOOr CC CUPPINT 1 PP TO 1C PPPS 
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iifCTanni riae vnttac^t cu«*aKT ►fstia crstaci 
tlltftCN ft#Pi PtUT IfNCTk- r aaCMIUCf CrMiCl 
FlKTsriK afS** fsaaNStCK lINS CC\TSOi 
lUrTurK rfs- cu»®tNT kcmtc*- 
Pkaik» arcL^« cuaaiM mckiic* 
a»C *ac vnijscf ilvfl CCKTan 

*n aac aiieiT Ci««c««T cwaatica ccataci 
err asr auL$f sacufNCi 
ear #ac fEa>* cu»*int eci^JTna 
CM (EtEcrtoki r. tiBkisbiiP crMiri 

^(►►aifiL irs cc^Tici 

fUf^CaifiL ICN PaCBP CC^tfcCL 

»la^AH iiicracN Pirsf tr^TPCi 

^rn»*PHTrc PiAtiAa paoPk crKTari 

C|P* SAT. miraijMCNT CCNTPOl c kiseppppikc 

LIP* SAT EJirTIP*^ e|rpAM«P CTNiaCL 

M-C^rePTfS ».|CP VtiLTACf SLPPlT CCaTSCL 

p^CTPpfTPP A«PiifiPMs ccmacL 

»V STS rCNTSri • I*Aff IKUMIPIPi CfMari 

CIHMSTPA UfCTirs COIkTSCl 

PPCJfcCTfLF CA-PPA CCNTini 

ClNAtSTfP MCMTQA 

SkAPCC CfAhCP PjlCTIfK C^^TafL 

S^APpc CfAACt p<rMTnp 

Kl Lft ^ tJPCT ICS CfNTPUl 

CM crsi^ii svsTf- 

*LI TirsiCUPNCt PvtlPArATlfK MfCf IVM/PPCC(!!CP 
t ASTENKA SVSTPa CANTanU LSIT 

II TpePFRATUPt PROPIIF MArirvETfR CCIkIPCi CKtT 

CIPFhl CCSTKCl 

fl«*PAl Cf.PTbfil 

iiirK«£KT Tv cr.NTar.1 

CCTV CAPfPA CCNTfcOl UMT 


•CA" f»i Tao ••OOFSimCCNTIHurbS CMIPVATICP PCOItSKfat iLLtP 
TlCi^ IS (CNTINUCUS* OP (2l PULSEC CPSfPVATICK PCCC LSCL PPfP 
IlLU“I»iAT|CN IS PPOVIOIC P> A CYF LASPA TP A AAsPr PLASP LA* 

* IKTIPlACiC 2 tl« tPPCbCP 112 

itPI ! PCP PPAPE, IS C> 90 P 
PPP SfCONO 

prtllCNTAL StAl« PPtQlf^Ct CCATACl»*9A TC TSC H/ 

VEPTICAl scan FtfOllHO CCATPCL SC TO ACMf 

Lf^ra - irs i*<r. siPvr ccktsci icois 

firvIPFS PfAfPACP AbP Cr*«TarL SIfiAAt TC iajpp OAIvFS FCA fa 
P fSITICMNr **^c ►PATIKf. TF PAPT|CLLAtF SPFCI»F»S 

CFTICAL •OUrTOP CCKTiCL CPCJl 

Cf kTA*»|N<T trs nrKltpa CbACF CCMPfL CACil 

•ASS SPf CTSC^tTf" CCMArt OFOIl 

SIT prjKT crsTAciLiP spcci 

CSTAPlISpIS CCNTAOILFP !f T PCIAT, SIT PO|AT CAP Pf VAPUT 
PPCP PP|-PaOCRA«>*IC INPIT 

SICPAl INPUT* - !CPy 

CATS ruTPijT •••**••••••«••••■•• I • SC*A» C ■ S TOC 


AF«}) 

1 ItSA 

APS J4 

1 USA 

APe?s 

1 IMA 

APe'e 

HMa 

ApeiT 

LIMA 

APSSB 

1 f M A 

AP«!« 

IIISA 

APPAC 

1I19A 

APPiil 

nil* 

AP9A7 

IIIIA 

APSA9 

tlMA 

APf AA 

IIMA 

SPAAS 

IIMA 

APA«0 

1 IMA 

AIASA 

1 IMA 

SPAAO 

IIIIA 

SPAM 


AFA«| 

ItlJA 

Apees 

IIMA 

APAAA 

1I13A 

APAS5 

IIMA 

APAAA 

IIMA 

APAC7 

IIMA 

AFS6A 

1 IMa 

APASA 

MMA 

APA90 

IIMA 

rPOCA 

1 IMa 

fPClP 

IIMa 

f PC2C 

IIMA 

CPc;o 

IIMA 

AP9*0 

IIMa 

SPQCl 

llMl 

KSt LIPS 

E tPIT 

Pill 


KC*- CfPtPnit 

ccfcthci* fr.k HicvnsAvi iNTtAPMCpf tfs pcc»S 
ririCAL iPTfNNS StPVC EUCTACPtCS 
siFPnar ilictpomcs fcp cpticai asteppa 

LISPP TPANS*(ITTPB ELICTPCNICS 

CATS PnaPATTlNC POP TPAASPtSSlCA TlA lASfP C 


Slew iniA 


CPCSS IIIIA 


CROIS HISS 
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<y ^ 


603002 

601003 

603003 

603003 

601003 

603003 

603C01 

603003 

603001 

6010C3 

603003 

603003 

603003 

603001 

603C03 

603C03 

6030C3 

603001 

603003 

6C3C03 

603001 

603003 

6030C1 

601003 

603003 

6C1CC1 

603004 

6C3004 

603004 

603004 

603C04 

603006 

603006 

603006 

603006 

601006 

603006 

603006 

601006 

60 iroe 

603006 

603006 

601006 

603C06 

603C04 

60300A 

603006 

60^006 

601C06 

601006 

601006 

601C06 

6C1C06 

601006 

603CC6 

603CC9 

6niCC9 

60iCO<i 

603009 

6C»CCS 

601CC9 

6010C9 

601CC9 

6010 r«: 

bciac9 

O01009 

603013 

601011 

603011 

603011 

603011 

‘010l» 

*0101? 

603013 

603011 

601013 

603013 

60J014 

603014 

601014 

601014 

601014 

603011 

691011 

601011 

601011 

403011 

601011 

601016 

601016 

601016 

601016 

60)016 

*01016 

401016 

601016 

bOIOOl 

4C100I 

6010C1 

*01001 

601001 

601001 

oOlOOl 

601002 

601002 

601C02 


SIC46L COMCtTIOfllMC UEC1PCMC1 

ElFCTOQNlCS SUP^CillKt D*T6 »»66AGEPEM SLP!YStE6< 


S1CK6L CCNClTlQhER 


CCCIO Mill 


SCCCl mil 


66PL1E1CS 6NC CQHDITIChS I 06 lEVEl tAAiCC <IG66tS 61 E66T CF 
DiTi 6C0UtSmON UlilT 

C6P6CITT ••■••••IP Tf 11 P6|B< CF $If66l bIPEI 

CUTPUT VOtTACE *>ICV 

CUTftT CUPitNT. *- 9P6 


SICN 6 L rCfiCIT IDNF* 


L1922 Mill 


ELECTRIC61 SIGIi4L T*6ASFrKI*6T ICK PEfbEFN 66V 6LPMP CF IFJM- 
CLCEPS AhZ NliLTlPlEXEA/ANALOC ID DIGITAL CCKVEPTfP 


CrPPuTFP INPUT 


•/- 1C veils 


SfcITCH/CIPLEX/P«EA.-P LMT 


C6CM 111)4 


FfB SwlTCHNf A4TEK6.A5 FfP DIFFEBCM AITMLOFS, USE CFF FF I 
cancellation. FORNING CPNf PAUfAN FTC 


CCKTPOl unit • ANTENNA 1CAN 


CACe2 HIM 


PFCVICES VAAJA6LE ANCLLAP IbfEP PAMEPM tSFIFAL AECIAKCULAP 
SCANS, ETC.1 OF variable ANGULAP CCVERAGL. 


CIPCUTT FBEAREB/C I5IR IBLTrP PANfL 


ASCC9 itm 


central location of CIPCLIT PRFArERS AFC PCNFR C I « TR I FL 1 I C N Tf 
TfOSF ST/nCARC heps rnuFp in all aSTRCKfPV FfPERIPENTS* 

CIRCUIT PREArFRS If 

POWER CAPAPiLify 1C ARPf 


CIRCUIT PBEAR fPFC ISTR IBl TTR PAML 


►•ECC9 nm 


CFNTBAl mCATirN OF C IRCU I f HRLAREBS AFC PCwE P CISIP1FL11LF TL 
tFCIE STIVCAWC MENS FOtNO IN AU ASIRCNO.^1 E aPFRInENTS. 

CIPCIIIT PPfAMR* IF 

POWER CAPAPlirry 1C ARPS 


CIRCUIT F.-.fiAtB/r I5TP IBLTOR PANEL 


SC0C9 IIIJI 


CENTBAl LGCATION OF ClRCttl PRfARfRS AFC PCbFR niSTPlELTIlF U 
tFCSE STANcABC ITEWS FOLFU IN ALL ASIRCNORV £ iPf B I WEN T S* 


CIRCUIT EFEAHFBS U EiCH 

POWER CAPAfU ITT 1C APRS 

tlLCRINETny NPCUlt - RRIPA1F 15964 I lilt 

rCBTFPlE ANC CQLAPSAeLt LM f WMCW NCLSES, FEECS, AFO AFALI/ES 
TpE PRIWATE IPECIWEN WITHIN. 

pr? itc */-lc «» hg 

P*|2 liC «/>2C PR HG 

PC02 6 WW HG CR LESS 

PF2C 12 */-1 PR FG 

TFNPERATilRC n */-4 F 121 */-2 C » 


CCNCENSFR - WATFP 


ECOO? mil 


CCLIFCTS WATER VAPOR 0Y CCNOFNSINf. WATER CCNTENT CF CAS SfRFll 


CONrCNSATICN RATEtWARI •..C.2LE/NR |11CC/HR» 

ttHpFWATuRfl**TN|.«.».., * A5FC Kl 


CfVlCE TC CONCENSE SlEAN IN IERf CRAVIT» 


ST102 Mill 


CfRFBA CrNTBCLLER L!917 111|4 

CEVICE ir CONTROl THE OPEBAT ICN OF VlUEO CArERAS IHBCLGKCIT THE 
I lECBAfCn lES 


VACUUW Cl EANFR 


LS94) IIIU 


CCllECT CINERAL L ABOR ATDRV WA STE RATFRUlS, 0IRT. CLST ANC CERRII 

VACUUP lAC VOLuPf C. 34CL.F T. ||C.2L|TfB1» 

CL14QSTA1 11144 imi 

WCTCR DRIVEN wnuNTINC STRUCTURE TC RRDVlOf CCNTiNUCtS RCTaTICN 
Cf PLANT SANRLFS 

ROT AT ION RATES.*.... ••«••••*•« TBC 
RLATFCtw L | CHMNC. «•«•.*••*... IBC 


ElECTROP/GNFT IC POSItlCNlNG CfllS AfO CETFCICR 


SF0C4 lint 


FFrvlOC ALTFFNATINC rUCTROWACNE T IC FIELD FCR CCNTAGILESS 
FfSfTICN CONTROL, 


WACNFUC PRESSURE 1,4 RSl MC RN/SC R1 


f I ECTROSTATir ROS IT ICMNf. RRCffS AAC OfTtCICR 


SF0C4 inn 


HfCTAOSTAlIC FlfiCS ISED FCR RCSmCMNC ERRER|RfNT SMCIREN 
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mch as tn •atsTAiK contactlfss pisitio* cckibcl. 


rk««P|e PKiS^l.af •••••• 


) C« la a«I U ak/sc ►! 

< 2f-Ca P$I (0,01 k/iC Pt 


Ik Apf> rf lETtiHPraca 


n I r »► K PFSa 


!PCCa nil* 


Ikf a|A- S-'IMLF *tll k!FC 1C HfaT SsaPiFS TksT 

»..JN-rt f.raci t«f cmt aui af tSFr ik tm chfst- 

Cf^r•aL anapOSt FNC(r<t»t 

IfcUviaaaLl arafft - a aa 

1 NPit T Pllta 

rrwPiaaTlIIlF*. asccf izfccci 

pavrauM saaPLP cc. ik« izcci 

rniasTiair. PSl IT, 9F-Ti>y>] I 


u tLfPK HH f f rmaruM 


ICCC 5 inu 


p*rvir!f crMPtL kcaciiCK rrp fi«ctpic fiflc r.ihiaiTca, ccnPCtiFa 
SLPpnM fCTh *c aar Pt pCpE** scpplics 

IlKiPCPfTFP is«i *5 mil 

PFASlJPF V'^tTSCfS a^C CuPPFMS FfLKn |K kEMVF? iKC Pi^ClES, 

DC vRLTicis ic »/-ivilt 

CC vriTacfS Fa re »/•« aa 

CPIFT,,,, aaira loaia vaaauP 

r.'itPui.vci ♦/-lev 


► Itir «iirPLV «vSTFP 


spoci iin* 


UNIT CISN^ISTS nr TkPiF fLlPFMS SlPPPaTlaC au PMFPlii 
^CI^NCF asr PAMif acrimiNf f.ppcpipims, it i! papt cp tkf cr*i 
^Lpfi F*»if.T rPPSFNT tN au »l/PS Pivirai s, t**f tppfc mepfms 
aPF AN INIPT ras lnit, an n>lii/iKG la! lnit, akc a AECLCipr. 
r <s unit , 


l*/s JFT Pt’SITICNINC PPIPl! AND OtTFCTfAS 


SPOCa nil* 


i. 5 f OP Cfi JFT$ Tn PfSlTUN SPFCIPPA CLAUr FAPCPIPEAT PeC- 
CfCUPFS M'CH AS rc nainTaIN CCNTACTLfS! PiMITlfr. CfATICl, 

MS F n TFA FF-CC |AC»-K< 10.2 »ICPCAlTFASl 

CASES hFLILF*, ^VOPCCEAi CivCEA 

r.:NF in PAT jft paiu in apfv ca tetaapfcpca 

CAS PAfSSUPp PlNiatP C«C 1 « P!ia lico K/SC PI 


lPClcaTrPs*^ALTi 0 N aac papninc 


ASOIC 11132 


A OFLUNCANT ISCLAUP SVIU** PPlCH PCPMCAS ANC GIVES PAAPfAr Cf 
SlPSVSTr** ANP. flP|PI*EM fOLlP»ENT PAIluPf ANC/CP PaiPuPCT I f P. 


«A$T£A ALAHP PFPCPV 
arsPA/TFST CfMPCtS 


l^r I r ATf AS-CAuMON APT •AkMNC 


HFOlo iin? 


A tfCUNCANT ISniATIU IVtTF>* PPtCH aCAITCB! ANC GIVES PAPPIPG Cf 
51PSV$TP*> AND FIPaPINFM EOLlPPfNT fAIUPf ANC/CP PAlPtPCTlCN* 

iNCKATnas 4 C 

MAflFM AlARP NfPCPT 

PCNEP/TE!T CCNTPCLS 


IPCIC AT{ PS-CAUTirN APC NAPKIPG 


sccio iin? 


A PfCUNCANT ISOlATfr SVS1I»» PPlfl* PCMirPS ANC f.iVCS PAAMPf ff 
SLPSVSTFP ANC flPEPlPEPI ICLIAPENT fAUUPF APC/CP PALftPCTlCP, 


INCICATCPS ••• 


••••••«••••••• AC 

••••••«••••«•• PAJTCB ALAAP PfPCPV 

PCPfP/TE!1 CCNIPCIS 


IFNP - irwfP PfJCV PFfATIvE PPESSLfE 
•lASuPF IMIPNAI BCrv PPCSSLAt C I f f F Pf P T I A I . 


L 5115 iim 


PPFSSVPC riMEPIMIAl ••• 


• • SC PP HC IFiCP CAPIN APMfPT 


SPEPTEAn PfCUvM A>L CEPCCUAlC* 


CPCAT *1111 


PCCCIVI 5ICNAIS race IFPPfATaiAl PCtSE ANC TFPaESTPIAi |PTAPf|P- 
FACE Sruacil A| A fuNCTICK Gf T|P| CP CAV ANO 1EASCN CP VfAP, 

APCOUfNCV PANCI ••**••■••••••• ICC 1C ICCO PHl SPElf PtCE CP 

TtaaPLE 

pfcrivip type iLPEPMPTfPcovai . iipeab. spept 

priciency. a<x 

siNiitfviiY •••••••«*••,,«••*• “I 2 c Ci* 

ppf-rnFCTioN AcjiiTAPic 

CVNA«1( PANCe IC HP tPnaPTANErtS 

12C r« tcial 

S«FfP AATk 'hf PECEtVfP tP Pf" PiPtTE 

PkCflvIP NOISE PAtTPa a.C CB 

MNCNirTP I KN| 


AfCEIVia - ar 


STI27 mil 


PlASjai KECTPn«ACNET IC INTIAfCAfPCf AT C«PlTai AlT]T(.CES |P ThE 
APFOLfNCT SPFCTPU" Of ACC »p2 TC 19 Gh|, lSIO CN STC2S APC STOS. 
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'•VST ft* »ji; is» MT’iff. 


*.• IH ^I'Ut-r VA^M u U li« 

arriisicv • /> c.s r»* c • so 

I'PiiT tatOiiftfcT ICC TC !crc •►•/ 

ir tt- i PH/ 


st’iiMct iKsarr 


nil? 


Ill !•> 


• lalf . 

• i-i 

••nr (. 

t»mn 

*• ! B 1 r r 

* t 1. 

nr-rii nMMir^ 

*• n'*n 

•‘I'tC!! sKfcS.'f fAfitlTv fCf- aariratlUf p*Up|*i. 

'ti'.c.n 

M9011 vcii'*tf SPPaCK laiTfit ••••••••• 1 CL ft 

Mt»on airis’inN p^oteci ics lipit «•* lp ir sec ptca'-cipii^ 

6 10011 

6?0f0i Taaciisr sktlnsa sipvc tifCTcrkic* (ac*t. 

f?OCCl riFCTtfSirs na jMIfs* ffSlTlfPlFr. sac CtkTPfi 
*^?onoi 

TvPT nai it lccf 

*.;ocri r.ai6 consiskt j.sf* p#a !ft ?ti*p£r 

LP'^n.^i ffNrairrt i(( h/ 

*?nLCi 

s/nre? UtfTBUNlC* - F iKf C6073 

••/rrjo? fkrvirrs scrifMSFk tpsc«i»*‘ Cf as rptuat »f*cis, pb<’vicis ccsTert 
e^OCC' Sicsail in t»i TiusCCPf f|ph*iS asC Pfa- CEFiPdfk* 

6?orr? 

6?orc? ivpf taacf ci!!fcirw Tvac»n 

62oro? anv «/- 3CC aicacaar 

*>?orr? JCCuoffy c.* alCacaac 

S21C02 S^nSITIvITv ••«••••«••••••■•■•• 1L l.Ce aicaca* fa lc-»- p|CaC‘S 

sjrcc? 

S 2000 ’ fCaasE Taac«t»* CaOPs IIU** 

-P'*rr • 

620003 kprvIffS TMMai uauusc aracca aicU‘MI**s ast CiaasF Tcsckiat* 

6?orf » 

ov^aHir (Sfaan-i »cv «**•••«•• 1 CIC *v i CIG 
a(f^t*/cv n <iCHAi rcc -icaraar 

Taac«is& PiNCalCTf I H2 

St aara T I*'! 



FaiSf taacFl JfJFfTICs pl?t aijpci aCCFt aiaaffS 

siaaj* aan slslit ciclcs* 


2 im 


U SK -as 
Tf aicatas 


-/rrot 
6 20 « f • 

62CQC* 

620v0» 

670ncT 
62000 J 

e2Crc* 

62G''2C liasSPlTira - 7,c Tl 2Q.C *asc? tll.l 

b2007C 

620020 v/al*Pif antn FBLCuiacr CCStaairfa aac Taaa «»! 5SICN* 

67007C 

62C02C J‘•fCl.f^C▼ l*asCal»»» ••••••••*• 2* C 1C 7C.C an/ 

62002C TwassaitTta P^afa ••••••••••«« 1C "a 

62CC2C 

620021 laassPlTifS - 0*2 1»» ►*•/ as901 lllli 

620121 

620021 vaaiaan asrio facCbiaCv ctan.ailfa sat Taaa«a I ««|ra, 

ap-^oji 

620021 FatCKiSCt PANCarOlk ■••.•••••• C*2 1C 2«C >62 

623021 rtsaSbiTTra arafa 1C aa 

62CC71 

avr.*v; f I P f Tar«st at tc ^avr tBistepira areca ill?* 

* 20i 2/ 

••23C?* i***«**liu-t Bij Pasi C6C!l 112?? 

62002S 

%20C2S aacvict «u la^C ara PvaiLailca ra aiaactaa^CC O-aaiCTia- 

620C2S I ‘TICS ra Tras/Cactao/SHLITLI caia LtSB* 

62002? 

riaaifa FMOufsCT •••••.••.•.. 16,4 ir C»>2 

StapiiiTv •••••••«••••«•*••••• •/- 2? 

i*assa|TTLF arafa •••••««•••■• ICC aiTTS 
carrcTlvF aacutfc aoaca ••••• 3? caa 
r aT a aaif ••■•••••••••••#••••• l«c aas 

virrr 

rutv (vClf CCsMNtCL! 

stcaat paNCatrra 9CC an/ 


f 2oc;« 

6 2102 S 
620C23 
620C?3 
620C2" 

62CC29 
621029 
f 2002* 

62012? 

620030 TPa6S«t|TTfa, vaF 
F2Q'*?C 

*.2001C FFrviDfS •'fClut ac*fM CLTatT aca l«assa|ssrcs TC iDts aca pvai- 

#■71030 itifirs r^ afarr^aaset r kaaacTP a t c i ic t. 


cao?c mil 


*73C'C 



*7010 


13f If 144 *H| 

6 >3 )13 

STanli |T t •••••••••••••••••*•• 

♦ /- 7C 6H/ 

6700JC 


1C aaTT< «aa 

47CC1C 

rata rail 

ICC 1C IC.OCO aas 

670010 

sicsai aakicaltik ••••••••••••• 

C,1 PH/ 

62301C 

62C01C 

rufv (Tfi f 

ccsTisuns 


iFSC! 


1 11 11 


1 123» 


♦ 7C06C inssainpa - C.‘ 10 2CC **•/ 

62C0SC 

6'OCSC viaijaif eacp aafcuiaCv rcstaaTtcs a*r Taa6!6i«siCS. 

670CSO 

67C0«C aaiCblsCv fasCblCI* .•«•«•*••• C* 3 1C 2CC.C am 

S70090 raassaiTTp* aritft •••••••*«••• l.C as 

a7C0*C 

620060 UCCTerrafSIOim aaciaacs 15912 

‘ 7 . 1 -* * 

*7006' /f«t**L* Cfsn|‘S TM atiisiaav nffiafsiCS 'C* 5£6?laC a^C 

*2fnf3 »H‘ -riMsr lia^ts a^kSifior.irai ti»a ?oCh a« fCG* IFC. tac. 
42f:sc Hr. fTf, l»cims sissr^t, sicaai CC6C 1 11(6|a? « auTHlMtas. 
670063 2 /r Cr*vfaTtas asr f»a6S*tTti4« 

62ccf : 

T20'*T0 lira* TaasStllFpr LCCf* 11112 

c 2CCTC 

620OVC F4CVI0FS Sirsai «'»uaCI i<" -raSLn ncir HfiGHi; 46C apacsci CIS- 
62CCTQ taiauTina, 

•lOCTC 

aJOr.TC aavl U^iCTa tJ2t asGliacas 
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I04ia0 DISPLAY Ctr tCONTAOl/DtSPlAV CDNSDlfl ASOOl ^tlU 

lOAltO 

lOAltO MOVlOfS DISPLAY CAPABILITY INCLiiOING ALPMAKU«f A I C S, DTLAflC AND 
LOAIBO STAYIC CAAPm 1CS« ¥fCTO«S* CIACLAS* AND SPECIAL STPBOLS* lACluOfS 
lOAli'd OE^LEtfrtOH and ViDfO AttPLlFlEAS AND AEOUfAED POMEP SUPPLIES* 
lOAiio 

lOAIBO SC«EE*« SHE lA IN lO.lSS p| 

lOAliC 

AESEAACt* INC A3300 tlSBO 

POMAT Z*LIN£S*T2 Q» AO C**AAACTEAS 

■ 2A LINFSA40 CmAAACTEPS 

* 12 LINfSK72 0« 90 ChAHACTEAS 

AEFAESH PATE *aO »l 

TAANSPEA AAYE UO TO 2aOO AAUD 

CHAAACTfA FOPN ....9X7 DOT NAlA|A 

ClNENStONS. I S- I /2«1 1 1- I /2HA21- 1/20 i NC- 

NflGHT .3419 C1T.7KGI 

HEWLETT PACaAAO A2«00A A3SB0 111 

aESEAACh INC i812-33CI AISSS lU 

SCPEfN fOAHAT 12 LINES A ^2 0« 90 ChaAACTEAS, 

2* LINES A 40 CmAAACTEAS 

ChAAACTEA FOANAT S X T nOT WATAIA 

TBANSFCP rate 110 TO 2430 BAUD, 10 Ca U BH 

CMAAACTEAS 

NODES HALF QA *ULt DUPLE * -SWt TCwAA^i: 

local G« AENOTE 


AESEAACH INC AOPS-912 121,^03 111 

CCNPLETE data display system MADE UP CE C»T ALPMANU"£AIC DISPLAY 
CEC-POPi-P MlNS-COMPuTEA, iSIOl 0PE«AT1CAS CONTtOL CCNSOLE* 

PA INTEA/CAAD AE ADEA, •P12-4A ANAPLEyEP AND #912-13 UNIOAIVEA 

CHANNELS 32 

NEMOAV SHE •.••••••••••«.*••*• E*> liOADS 

TEkTAONIX INC ■40C2A/021-0033-00/ il04TF 111 

021-00XX-00/4Q01/ 

4SSI 

ALPHANUNEA IC EOANAT 34UNES-9S NQP PAL / 1 T AL I C C»*AY, 

1 LINE* |4 CMAA IN SCAATCh AAEA 

CHABACTEA set 46 UPPER /LOWEA ChAA (ASCIII 

CHAAACTEA SUE 7C X 90 PUS 

CHAAACTEA CENEAATION T x S OQT H4 TBIx 

CUASOA pulsating 7x9 ■AY«|k 

CAAPHtC INPUT MODE 1C24|X| x 1024IT) A0UAcSS*9lE. 

1C24IXI X T6UYI ViEhASLE »TS; 
JDVSTICX CCNTAOLLEO. CPCSS--A1A 
Cl* SOP. 

display NEOIUP 11 IN D|A CAT 

CISPLAY AAEA A . UN .hOA. X6. 1 IN. VEA f . 

ACCUPUIATOAS 4 

CYCLE time ............... 3C0 NANOSEt 

CGAC Ntnclrr .«^. 32 a 

AUNaEA-AAMQ COAP ■221T-12CAT 111 

CHAAACTEA CAPACITY «HAI| 960 

CHAAACTEAS/l 1NE IMAAI AO 

UNfS/DlSPLAt INAII ?A 

CMAAACttiS AfPllfOIAE 62 G# 92 

VllWtNC AAIA i.TS X 6.2S 

AEPAESH AifA S4 eaahis/sec 

106020 symbol CINEAATOA UNIT I C ONTAOL /D I SPL A Y CGNSGLEI AS002 lUtl 

104020 

106010 PAQVIOiS ¥1010 AND COMPUTEt OAtA iNTfAEACE TO ThE CAT 
106010 

lOAoto Channels 2 

106020 EOAPAT YIDEO AND OATA 

10*020 ¥1010 INPUT AAEICNlAllnN SCAN 

106020 SYNiOL waiting TfCMNtOuE ..... STAOxf 

106020 INTtAfACC DfSCAIPTION ........ 0 I C I T At • 1 2 - 9 1 T DAfAhCAD 

106020 

TERTPONIC «40C2A/O2l*00xx-OQ 99990 til 

CISPLAY medium II inch OIPECT-vIEm, AISTABlE 

STQPAGE cat with AEEAfSHED 
SCAAtCH PAD APIA 

CISPLAY AAEA 9.3 iNCnfS **CAIZCNIAL K 6.1 

INCHES yEATICAl 

ALPmANUMEAIC NCOE 

FOAMAT 39 LINES OF AS NOA^AL CA ITALIC 

ChaaacTEAS in main AAEA, CNE 
line OF #6 CmAAACTEAS IN 

CHAAACTFA set 96 UAPfA ANO LOWfA CASE PAINT- 

IMG CHAAACTEAS 4 ASC I T CCOfI 

ChAAACTE* Sill T0X*0 -IlS (CAN tl DOuAlE SUE! 

CHAAACTEA CENfAATION Tl9 DOT MAfAlK 

CUASOA PULSATING Y X9 HATAJX 

CAAPhIC mooes LINEAA INTEAPOLATE, t6CAfM|NTAL 

PLOT. POINT plot, 1324X1024 
ADDmISSABLE points. 10241T61 
VlfWABlI POINTS 

CAAPhIC INPUT *00f 1024 |X». 741 I Y» POINTS. JOT * 

STIC* CONIAOLLED. CPCSS-hAIM 
CUASOA 
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Asoc) iini 


1011*0 ^OMiriCS SlVOGieD 
1011*0 

1011*0 AUDMANCE »V CWCiiMAN TQ C0S»IGU«f |Kara[afN*S AND SUaSvSTf*S |STC 
1013*0 OfSI^Cn 0»|AAf|*tG H00ES» l*ClU0E SlLECTfON 0^ CATEGC>v. 

lOllAO function, i«Ot« ItATUS AND CO«*"OS MtVfPAaD ^UNCTICM, 

1011*0 

1011*0 TvafiiAtTfi rvat 

1011*0 tNTlAAACE DCSC*l*TtON OIGt ML- I SCAQ 

1011*0 

•uMifA*«At«o coaa f^ioo iii 

KETl TvaraAlTER SET STD 

»aO<;iiAM assist «evs lA 

INTfiSACf CAT 

fOITING KfVl SET 

1011*0 AkAHASuMfftlC ■aVROAAD aSOO* lItU 

1011*0 

1011*0 ALtHMAPuCE IV CAf«nA* TH CG"Mi>*ICAT f a|TH Th( CNACABO CC»ai;T£H FOB 
1013*0 *KP*BI»«|nt CONTtrL Anr oata asaltsis. 

1011*0 

1011*0 RFyiCAAO TYAfsAirEB TtBE 

lOllAO iNTEBSACf CESCAt»T10N ......•« DIG! TAL* 12*BI T aOAD 

1011*0 

Ru*Kfi-RAMo co«a B2200 »**o m 

KEYS TTPEsAtTCB S!T STO 

aanoBAH assist «evs ia 

I««yEAKACF CA^ 

EOITINC KfVS AULL SfT 

10*000 PlCiOAlL* VffaFR *100* Hill 

U*000 

1A*C00 AAOVICES BfAO-CSLY. PBQCL 0 J* Al - T VSE OATA A3A fAPEBiaKS' AKO SUS- 
IA*Q0Q system 0*1 RAT ion A i, PACCfCuAES. ONfOAAO CHECKOUT *BOCE')uAc$« 

1A*Q00 SlMPLlK SCHfMATICS A*C OThPA toAiTTfN QB PfCTORlAl tNAC*«AT|CN. 
U*000 . 

1**000 PtL** POR«*AT I* *■ PUAL TBaCk 

1**000 AIL* loading CASETTE 

1**000 A(im SlEmI»iG manual ANO COMRUTER select 

1**003 INTEPP*C€ tESCAlPTias OlGITiL ll^BtT UNARY 

1**000 

CAl*A cr>. BlCI* A2f003 111 

*UNCT|CN OAA LINE QIGirWlNG SySTFH 

■ |Th film PROJlCTia*. 

ABOVIOES CARAOUITy CP 
DIGI thing AILH data 

**•200 TI-AA - AVfNT ASOO* Illll 

**1200 

**1200 DIGITAL CIS»LAV OP TINE REMAINING OR EKRfNOfO ADII A RARTICULAR 
**1200 EVENT. T|N|A CAAAILC OP COlRlTINC U» CA OOwN ANC RACVIOES ClSCAfTE 
**•100 START ANC STCR CHMtiANOI (M|NuTfS 4*0 VfiCONOSI. 

**I2C0 

**•200 *!ISPIAV * DIGITS 

**•200 M SPLAY type LEC 

**R200 

ROhOE ANC SC»*mAB/ «CA0 I lOC.AlAT. «1| / |«4%0 111 

display a Oicirsi ha , nin, sec 

CUTAliT 1-OUT-OP-N and/or *co ccoe 

RAOGRANNf* T|m| RROGRanS I CCUNT OCnnI AND 

T|m| signals 

CATATRON BllSO-SC* IllTC III 

INPUT PRfOUENCY EOH/ 

CUTPUTS visual *RC3 
display HRS, MIN. SEC 

'ENNUIC ires*! isso 111 

COUNT RATE 20**m2 

TlMCEASf..... 0.1 pa O.QISEC 

ACCURACY. same as line ERfOuENCY 

CCS* IGURAYIRN N|M COMPATISLE 

a**100 Tinea - mission aSOOT imi 

**1103 

**>SOC PBCVIOTS Tf"A RTKfiENCf IS GRfEN*IC« MfA* TI-E »ITh 1 SECrHl UP- 
**•100 date maintained via oata "ANAGEmENT CCMPute* - DAY,««Oi»* ."iKUTf . 
**•100 second. 

**•100 

**•100 DISPLAY T digits PCD 

«*I103 CIIPlAy Type lEO 

**P100 

RGhDE and SC^mARTZ tHS A2P*I 110.122A.21 I A12.TJ0 111 

CIIPLAt * CICITSi OAT. MR* aiA. SEC 


a|TSo 


Catatrcn 

|NP>UT PPfOUfNCY.. AQhZ 

OUTRUTS....... VISUAL, KO 

CrSPlAY... MRS, MIN. SEC 

DATATACN ICJC 

C*<ANSElS 12 

*|M|N'. range,... iNANCSeC 

resolution... l.OC’A 

rwipf-AllS ^AN9 


R1020 


ITRaJ 

KMl CRTSEC 


111 


AS09R 11112 


I2OC00 CCN’RCll ER, 

1 23 DO “5 

1200U0 r-BTf.^At|S Molt IPuNCT 1C N kANO CCNTRotifR PROVIDED PGR IKSTPomENI 
120300 PCINTING and initial target ACOuMI t|ON. 

ftoeoo 

ItCOOO C3N*R0lLf0 AAft 1 

110009 
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*•1006 

*•>006 

•f»006 

••too* 

••too* 

*0)00* 

*0100* 

60 ) 00 * 

* 0 * 00 ) 

*00001 

*00001 

600001 


ciBCun B*e6K€*/oisTiiiPuT06 


Asooo mil 


CEMTIUL location 0^ CIBCulT BBEAiLPS ANO BOw(N Ql 
THOSf STAN0A6D ITEMS EOUNQ IN ALL ASTBCNONt E kB£P 


SIBIBLII 

|MfNl«. 


CS TC 


ClMCUlT OMAAfBS If 

PONE* CAPAORITV 10 At«PS 

INOICATOBS-CAUT ION AND kiA*NING 


AS013 im; 


A AEOUNOANT ISOLATED STSTE* mhICh N3M TQa S AND GIVES kAANINC CT 
subsystem and €k*E»1MENT equipment fAlUP^e AS')/0« MALEUNCTICN. 


*••001 




*0*00) 

60*001 

1 NO 1C AT (IAS 









*0*00) 

*24000 

• ECCPOEP-TAPE 

ASOli 

mil 

*2*000 

*2*000 

•fCOKOING OE selected 

PAPAMETEPS displayed ON ThE CCMACL 

AND 

*2*000 

riSPLAY CONSOLE. 



*2*000 

*2*000 

■ AMflMinTH 



*2*000 

CmANMELS rTT-..---' 



*2*000 

T|Hf HANKS .......I 




■ crn«rc-n cnwHAT ... 



*2*000 

hENLETT PACKAKO 

aTSTcB/C *4*30 

111 

and 



uuo CPI ohase encoded 



TA ACrS 




Tape SPEED ......... 




TAPE 



LCMPATI ale 


SANCAMO ELECTAIC •SABlS III I26|S00 111 

T*AC«S 

TAPE mICTh I inch 

taps speeds A selectable speeds ppCP IS/l* 

TO 120 I PS 

PBEOuENCt AESPONSE -CC H/ TD ?.0 MhZ 

■ fCOPOiNC PATE 600 upps AT 120 IPS Sf®|Al MODE 

ME ICNT 44 4 . 100 POUNDS 


LCACP 

TPACRS 

TAPE SPEED .... 
TAPE klOTH .... 
tape LENCTh.... 

PACAING OENSITT 
SICNAL/NOISE •« 
CATA capacity 4 
BANOmIOTh 


• MTP TCQC 

12 

12U IPS 

1 INCH 

9200 PEE T 

16. T AB/I /T 

22 HP 

2.2E*10 

2 -M/SCC/T 


BCPC NAANEP •P?PT 

TtACAS 

TAPE SPEED 

TAPE nICTm 

TAPE lKNCTm 

PACKING OENSITT 

signal/noise 

DATA capacity 

PANOnIDTm 


1C 

UP TO loio IPS 
1/2 inch 
2*00 PEET 
IS «B/I /T 
2A DB 
l.1E*9 

6-lS MB/SfC /T 


111 


121 







AHPEi COPP pAB I'^CO T2Bt000 112 

T«AC«S 4 4 44 4 1 * 

TAPE SPEED 120 IPS 

TAPE nIDTh I INCH 

QfCQPOING MDDf OIPECT 

PACKING OENSITT 20 k6/I/T 

SIGNAL/NOISf 20 OB 

CATA CAKACITv 6.2E«10 BITS 

iANOalDTH 2 HK/SEC/T 

TAPE length P2CC PTE T 

AMPEI COPPOPATIQN ■A«>2JC 121 

•ANOMIOTh ICO M2 TO I12S *»l ThPCUGm 

100 h2 to 2S0 kh2 

TAPE nICTh 0*S INCH 

TAPE SPC:0 I.PTS TO 60 IPS 

BICDPDINC TIME B MlduTES TO * MAS AND 16 M|NS 

EOAMAT digital 

TKACKS • OICIfALt T PNALCC 

AMPEi CQAP bap TOC I2*4IB0 Sll 

TPACKS 1* 

TAPE SPECC 60 IPS 

TAPE width I INCH 

•f CDPC MODE 0I*EC I 

PAC«ING density 20 RB/I/T 

signal/noise 2C OB 

CATA CAPACITV AE«IC BITS 

IANOwIDTh t MP/SfC/T 

DIGI'OATA C rtPOPAT »iiN *1600 A26S0 111 

TAPE SPEED 2S. IS.TS# 124* IPS 

TRACKS ^ OP 6 TK4CK 

DATA CENSITY 160C CPI PhASI ENCCOED 

200. ISA. *00 CPI N*ll 

TAPE 0*^ inch* l.s MIL* 1200 EfE? 


CO 
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Space Dtviilon 

Rockwell InternatKXial 


oici-OArA cc*^an*T»o»» iiToo/PO^-u/T-f m 

T*4c« *)«n 

T4»l S^fPD 49. 17,9, 19, It, 79, 12,9 I tS 

T*»E a. 9 |NC**i 1.9 «*IL. IS«/4KS1 

CO"t*Tl«l,E. 10.9 IKCn 4tfl 

T«4CV9 7 0* f Tt4C« 

0«7| 0IN9(TV tHtSf CNCOOEO 

HONItWELl UT420 

CM4NNILS 7 

SfLCCTAHLC TAPE SAIIO AAliCE 19/1* T? |401PS 

»m Sin Ill* 

PIllPU* PMinnlOTHCOlAfCTI 2« M2 

TiPf NinTM. 1/2 f* 

*C*fV«EU P9«00 t*7]j 

PO«T*fiE TAPf *tCD*oe* 

Channels., t 

SELEC7A9Lf tape fPEfO IAN&I..... 19/U TQ lOJPS 

PAKt*U* il#iC»il07H(0I«EC7|....... 2C0RH2 

PACPINC OINSITt..... JP TC lOCPM 

MIGHT...... Tons (12AG1 

INPUT VOLTAGE 2IV0C 

hIhLE^t paCrAAQ vlAASn 110200 111 

|A»'GwlOT,. IQC ««*2 

Channels t 


AECOAOING POPHAT OIPfCT 01 


hEplitt pacaaao ASN^fc H47C0 iii 

EANCmOTH 9C0 KHt 

Channels i* 

•ECQA01NG PCPHAT DIRECT DP PN 

hEHLETT PACpAAD P1R90A-01I AllROO 111 

EANChIOTh 900 HZ TO 2 hhZ 

CtilflNtLl lA 

PtCOPOlNC PORMAT OtPECT OA Ph 

hEmLETT PACKARD P1«*OA/110*9A/110*9A f A TP* 111 

CONPIGURATION RACK MOUNTED 

TAPE SPEED 19, ; AND S/A. is/u IPS 

CHANNilt A 

RBCOAOING PTRNAT . PN 

PASSEANO 9 KHZ 

S/N RATIO.... At Oi 

TRACKS SO 


*01002 ANNUNCI ATURI-AOVISORT ASOIJ 2I1S2 

*01002 

*01002 OUAi lANHS HDUNTIO ON CONTROL /OI t*LAT CONSOLE PROVIDING VISUAL 
*01001 AllRT cut PHBN A L0« *RI0RITV MALPUNCTION XClPPS I A AKT CNRQARO 
AOI002 fRPi*l"ENT OP other CESICNATfO kDOULE SU*|TST|p. 


*01001 

*0)002 ANNOUNC I ATOP- VISUAL 12 IN HUAL IaNRS 

*01001 OISPLAt rvPE PEO. MHITE, green 

*•1001 ANNUNCIATQR-AUOIO HO*N 

*01002 
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l*aOUD *»fCtaML4 Vlfar* ME005 UUl 

li«000 

U40J0 ^iovtocs akAO-nstV, P(«OCIOU«AL-TVPE 04 T4 fO* **«0 Sue- 

1*4000 STsriM n»f«4rto<«4i pioceou«^s* oriMiio chic^out »40CEOu«fs* 
i*4000 SIMflll SCHf«4T|Ct 4MT QlHfl ktilTTEN C# •|CfC«t*k I KF C*>4T | CK. 


1*4000 

1*4000 

1*4000 

U4C00 

1*4000 

1*4000 



TBACK 

film LOAOIMG 

CASETT) 

FILM SLFhINC ............ 

«... manual ANO 

COMPUTE* SELECT 
•PIT IINAav 

1NTEPF4CE DFSCBfPTION ... 

*... digital 11< 


C4LH4 CO. 4ICIM lEtOaJ 111 

FU4CTIOS OFF U*iC OtGITIElV. SvSTfa 

41TH film FtCJEC^ICH. 

FPCVlCEl C4P4!»tllT» CF 

DICr^lflNC Fit** 04T4 

4fl200 TIME* - event HeOOft UUl 

44*100 

4**200 0ICIT4L 0ISFL4V OF TIME MFNilMNG 0* EXPENDED FOP 4 P4PTICUL4R 
4**200 EVE«lT, TIME* C4P4BLF OF CnilN^lNr. UP C* OGwN 4N0 PPOVlOES OISCPE^E 
4*1200 I14*T 4N0 STOP COMH4MOS IM|t»UTCS FNC SECCNDSl. 

4**200 

4**200 0ISPL4T 4 OICITS 

4**|00 OISPI 4T type LEO 

4**200 t*T|tF4CE DrSC«ETE 

4*1200 

•OHOS 4NC SCHM4«: eC40 I100.4E4T.4U 4S400 111 

CtS»L«r 4 CtOlTSt H4S. PIM» SECS 

CUTPU^ l*0l»T»3F*N 4I.0/0P 4C0 CCDE 


• 1170 


111 


ItSO 


CiTBTtON P3SSC-S04 

INPUT FPEOUfNCV.. iOMZ 

OUTPUTS ....•• V1SU4L.ICD 

MPl.MlN.SEC 

TENNBLfC PTCS 4 S 

COUNT ■4TE..... 20«N7 

TIMEMSB.. 0.1 OB O.QISEC 

.••••.. $4HF as line PPfOuENCV 

C0NF|r,UB4ri0N. NIM CO"P4T|0LE 

4**S00 TIHEB - MISSION hfooT Mill 

4**900 

4**900 PPOvfOES TIME XEFkBINCt IN CBCENMICm MfiS TlNf mITh I SfCO'40 UP> 

4**900 04Tf M41NTAINEP Vl4 0474 NANACfMENT COMPUtfa - 04 V.HOU* .M| NU^E • 

4HI00 SfCONO. 

4**900 

4**900 0ISPL4T 7 oicirs ICO 

4**900 01SPL4T TVPE LEO 

4**900 

•ChOI 4N0 SCHM4PZ PnS 42*41110.9224. 2U 112. T30 111 

01 SPL 4 V 4 DIGITSt DAT, M«. «lk. SEC 


C4T4TPC>I 

INPUT FBIOUINCT. 

OUTPUTS 




• 9990 


•1029 


40MI 

VISUAL. BCD 
MBS. NIN. SEC 


9010 


•t*«0 


111 


111 


04T4TIQN 

Channels 12 

timing 9N4N0SIC TO 9NICBQSEC 

A I SOL UT I On. ..................... l.OE** 

920000 CCNTBOLLEP. TM*Ef-AXlS HAND NfOO* 111)2 

110030 

920000 TtMIEB-Am nuLTIFUNCTION nano CCNTBOLLEB PBOVIOIO FOB INSTBUMfNT 
910000 PCINTING 4N0 INITIAL T4BCET ACOUfllTtON. 

120000 

120000 CONTPQLLIO 4«E9 1 

920000 

• 09004 CtACUlT BPfAiEP/CtSTt I9UT0B PANEL mEOD* 11191 

40100* 

*0)004 CENTPAl location of CIBCuIT BAEahEBS and POmEB OISTPIILtlCN TC 
*0100* TnOSP STANOABO items FQuNO in ALL ASTBONOMt ExFEPfMfNTS. 

*09004 

*0100* CtBCulT *Bf4RFBS II 

40100* FOvEB C4M4 *IlITv 10 AMPS 

*01004 

•04C01 INOICA^CPS-CAUTION AN* aAlNING MfOlO 111)2 

40*001 

*0400) 4 alOuNOANT ISOLATED SVST|M 4 m|Cn MCNITOBS AND GIVES 44BN|NG CF 
*0*00) SUiSVSTfM and flP|B|M|NT E0U|FM|NT F4|Ll|IE 4NO/OB MALFuNCTICN* 
* 0*001 

*0*€01 INOICATOBS *0 

*0*001 MASTH ALABM HfMOBV 

*0*001 POWfB/TftT CONTtOLS 

*0*001 

42*000 MCOPOFa-TAPf HEOll 1111 1 

424000 

42*000 IfCOBOlNL CF SElECTEO PAFAMETEAS DISFLAVEO on The CONTiCL 4N0 


424 C 00 

424000 

nisaiAT CONSOL ». 

4 ANPto|ptM ............. 






r|Nf NABaS 



BfCCBCfO FCBNAT 


Vw 

*24000 
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»-EKLETT •7<70e/C 111 

t4P£ FOB«*T «0C3, 5S6, QB 200 CPI ^«/l AFO 

i<>oo CPI phase encoded 

fPACUS T 0« 9 

TAPE SPEED 10 ^0 *>5 IPS 

TAPE O.S INCH, l.S Nil. |PP/AKiI 

COHPATIOLE 

SANGANO ELECTRIC «SAPEB III »26«^0J 111 

TPACAS lA 

TAPE WIDTH 1 inch 

TAPE SPEEDS 8 SELECTABLE SPEEDS FKC* IS/lb 

TO 120 IPS 

EPEUOENCV RESPONSE acQ HZ TO 2.0 MHZ 

PECOBDING bate 60C FfiPS AT 120 IPS SERIAL NODE 

WEIGHT 100 POUNDS 

leach •ntb tcoc 111 

TRACKS 12 

TAPE SPEFD 120 IPS 

TAPE HICTH 1 INCH 

TAP£ length..., <9200 FEET 

PACKING density......... ........ 16.7 KB/I/T 

SIGNAL/NOISE 22 OP 

CATA CAPACtTT 2*2F*10 

EANOWIOTH 2 N9/SEC/T 

nORG WARNER APERT 121 

TAPE SPEED * UP Tt 1000 IPS 

tracks so 

t^PE HICTm 1/2 INCH 

TAPE length 2R00 FEET 

PACKING DESS ITY 15kP/I/T 

signal/nq isE oe 

CATa capacity t.3E«9 

bandwidth 6>1S wr/sEC/T 

AWPE* CORP aah 7CC »2<>.IRJ Sll 

tracks lA 

Tap£ speed oO IPS 

TAPE wICTH I INCH 

RECORD wqdE.. OIBfCT 

PACKING DENSITY 20 kB/|/T 

sicnal/ncise 20 oe 

cata capacity 8E«lCBirS 

eANOwtOTH 1 Hg/SFC/T 

AWPEA CDRP RAR 17C0 >28000 112 

TRACKS 2E 

TAPE SPEED 120 |P$ 

TAPE wICTh 1 INCH 

TAPE length 9200 FEET 

PACKING density 20KB/t/r 

SIGNAL/NQISE 20 06 

CATA capacity 6.2E«1Q 

EANOwIDTh * 2 “B/SEC/T 

AWPEK CCRPOBATICN BAB-iOO 1?1 

FANDwIOTh 100 Hi TO 3125 hZ IhBCuGh 

100 HZ to 250 KHZ 

TAPE wICTh 0.5 inch 

TAPE SPEED 1.875 TD 60 IPS 

PECCIROING TIWE 8 "INUTFS TD % MRS AND l5 “INS 

FORhaT DIM TAi 

TRACKS 8 digital, 7 ANAl 

niGI'OATA CrRPDRATION il600 A2fe 111 

TAPE SPrEO 25, 18.75, 12.5 IP 

TRACKS T OP 9 TRACK 

data density 1600 CPI phase £► fcO 

200, 556, BOO CP| I 

TAPE 0.5 INCH, 1.5 Nil 00 FEET 

DIGI-DaTa CCRPORATIOn fITOO/POP-ll/T-Q as; 111 

TBACK NAZI 

TAPE SPEED N5. 17.5, 25. 18.' . 12.5 IPS 

T/PE 0.5 inch, 1,5 NIL. IBH/ANSI 

CONPATiaiE, 10.5 INCH »EU 

tracks 7 0» 9 TtAC* 

CAT! density R"ASE encoded 



hCNETwFLI *56 il7^23 

Channels.. 

selectable tape speed range 15/16 TQ 2«0tPS 

REEL SIZE * IAIN 

HAKIW-Jiri BANDwIOTmICIRECTI.,,.... f **t 
tape k IDTh. ........ 1/2 IN 

hCNEYwELL RIAOO >97)Ji 

pobta-he tape recorder 

channel S. T 

SflECTARlf taPF speed range lN/16 TO ftOl P S 

HAklwuM BAKOW I TThi DIR fCT » IOCkhZ 

packing t£SS ITT UP Tr 600PHI 

T«HS112K'.I 

INPUT 


I 

! 





Space DivMon 

Rixkwell lntema;y:.tal 



110203 III 

t4»»f>e(0TH 100 HMZ 

CWAil^llLi «*#*»•*»§*••••••••*•»•• ^ 

■iCnVOlNG » 0 «*tAT CI»ICT ot e«* 

HfMLlTT PiCKAlin ei<59C «14T00 111 

IANOmIOTH ICO AH! 

CMHNfLS U 

■fCOiOllnG POIIPAT OlAfCT OA AM 

»>|HLITT AACKMO elAIOa-Cn 121100 111 

lANfiMtOTf fCC HZ TO 2 HMZ 

CHANNfLS U 

•iCO*Dl*tC fa«**AT nieicT oa am 

HfWlITT AAChAAO elAAOA/lSOASA/llOAlA t4T$A 111 

COMAICllAATlON AACA MOUNTfD 

TAAf ZAflO 19* 1 AND 1/4, 19/14 IAS 

CH4*iMfL9 A 

■ ICOAPINC ACAMAT A» 

AAUiAMC 9 KHZ 

S/N AAT 4» OB 

taacas 10 


401002 4K4UNC|ATO«S-AOVI504T hF012 21112 

401C02 

401002 OIU IAMAS hpuNTIO 04 CONTAOL/OI SALAT CC4S0CE AAQVIOIMG VISUAL 
401002 Al|A* CUI MhC4 a LOm AAfRAlTV malAUMCTION OCCUAS IN ANY OABCAAO 
401002 A>AF4|MfNT 04 O^Hfh OCSICMATfr MODULE SUBSVSTAM, 


401002 

401002 AH4CU4C t ATOA-VlSUAL •••••••••• 12 lA OUAL BAMS 

401002 OISALAV TVAI 410* 4h|TA( CAAfN 

401902 A44U4CIATOA-AU010 mCA4 

401002 


r 
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Rockwell International 


i%4ooo *>ic»0Mi<4 S0005 mil 

IMOOO 

U4000 ^POVlDiS «|AO*nNlVt PAOrf 0Ut*L-TT#f data P0« tlPCtft^EtlT tNO SUA- 
IA4000 tVSTIM OAIRATIMAL PlOCIOUbCSt nNKAtn ChACAOUT PAOCenuAESt 
1*4000 tiAPill SCMiMATtCS AND O^HfA HAtTIE* OA PICTORIAL INFCAVATtCN. 
1*4000 

1*4000 PILM POAMAT U MP DUAL IRACA 

1*4000 PILR LOADING CASfTTf 

1*4000 PILN UiNtNC manual AI« COMPttlA SlLfC? 

1*4000 INTIRPACI OtSCAIPTION TICITAL ll-OIT OINAAV 

1*4000 

CALM* CO. R)0)M •1*000 111 

PUMCTtON OPP LINE OIGITIIING tVSTfP 

MITn PliM etOjECTICN. 

PROVlOfS CAPARILITV CP 
DIGITIZING PiLM OAT* 


4**200 TIMER - EVENT S0004 Illll 

4**200 

4**200 digital OISPLAT OP TIME AfMAlNING QA iRPENOfO PO* A PARTICULAR 
4**200 EVENT, TIMER CAPAILB OP COt^TlNC L* CA OOPN ANO PROVIDES OISCAfTf 
4**200 START ANO STPP COMMAHOi (MINUTES AND S ECONO Si . 

4**200 

4**100 OISALAV 4 DIGITS 

4**200 DISPLAY TYPE LEO 

4**200 

RQMOl AND ICI4IAPZ KAO I 10C.*9*7,*1I •S4QQ 111 

CtlPLAY * OIGITSI MRt M|N, SEC 

CUT*UT l*OUT»OP*N AND/OA *CD CCOl 

PRCCPAMMC*. ,...«,..,T|Mi PROGRAMtfCCUKT 

DOWN! ANO TIME SIGNALS 


DATATRON P1190-ECA IllTO 111 

INPUT PPfOUSNCT.... COHl 

OUTPUTS.. VISUAL. BCD 




TSNNELEC fTCSAS tSSO 111 

rOUNi PATE,,..... 20MHZ 

0.1 OR 0.01 SEC 

ACCuRKT. SAME AS LINE PAEQUEACV 

CONP tCUR AT ION . NiM COMPATIOLf 


4*isoo timer * MISSION soooT mu 

4**500 

4**500 PROVIDES TIME aePERENCE IN GRBENNIC** MEAN TIME Ml Th I SECCNO UP- 
4**500 DATE maintained VIA DATA MLNAGEMPNT COMPUTE* - OAT.MCUR.M|LuTp. 


4*1500 SECOND. 

4**500 

4**900 OISPLAV 7 DIGITS *C* 

4*0500 DISPLAT TTPB LEO 

4**5oe 

ROMCE AND SCMNAPT2 ihS A2i4U10,S22A.21l tlZ.TCC 111 


DISPLAY * OIGITSI day, HR, M|4« SEC 


DATATRON *1350 11020 

INPUT PRiaiiNCV AOHZ 

OUTPTS..... VISUAL. OCD 


DISPLAY. HAS. MIN. SEC 


DATATRON 1050 tT*40 111 

Channels 12 

TIMING range... 9NAN0SIC TO 5MICRQSEC 

AESOLUT ion. ..................... 1.0E-* 

S20000 CCNTtOLllA. TmAEC-ArIS hANQ SCOO* 111)2 

SIOOOO 

SIOOOO THAPE-ARTS MULTIPUNCTION hand CONTROLLIA PAOVIOID POA iNSTAUMiNT 
leoooo PCINTINC ANO INITIAL TARGET ACQUISITION. 

110000 

120000 CONTAOLLfO AXES 3 

120000 

401004 CIPCUIT IAE4KEA/DISTAIAUT0R PANEL SCOO* 111)! 

401004 

401004 CINTAAL location op CI4CUIT tAEARfAS ANO POmE A OlSTPttUTICN TC 
A03004 TmOSP STANDARD ITEMS POUND IN ALL ASTRONOMY ElPEAlMfNTS. 

401004 

401004 CIRCUIT RAI4RMS I* E4CH 

40)004 POMEi C4PA0ILITY 10 AMPS 

401004 

40*00) INOICATCRS-CAUTICN 4NC HAANINC SQOlO 111)2 

40*001 

*0*001 A RfOUNPANT ISCLATEO SYSTEM mhICh MONITORS ANB GIVES PAANING OP 
40*001 SUISVSTIM ANO f|P|4|M|««r fOUtPMENT PAliUPf AND/O* MRlPUNCTION. 


40*001 

40*00) INOICATOMS 40 

40*00) M4STEA alarm MEMORY » 

R9*00) POmEA/TIST ccntaols 

40*001 

424000 RKCPOEA*T«PE SOOII Itlll 

424000 


424000 RICOADINC QP SELECTED paRam|TE*S DISPLAYED ON ThE CONTACL AAO 


424000 DISPLAY CONSOvl. 

A24000 

A24000 IANO*IDTm OC TO 200 RM| 

424000 ChanpiElS 14 

424000 T 1 Mf MA4RS t a ............ .EOCf TAACR 

414000 AlCOeOlO POAMAT DIGITAL 

AI4000 


C*IO 


SD 74«fA*004T.2 
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Space Division 

Rockwell InternatKXial 



KCWLfTT etCRAWa aTfTOR/C • 4400 111 

too. OR 200 CSt A«/I AND 

1600 CA| ShASC-ENCQOCO 

CMAMNCiS * ?0A4 

TAPE SPEED * 10 TC 49 |PS 

TAPE 0.9 iNCH, 1,9 NILS* IB«/AKSI 

compatialc 

SAN6AH0 ELECTRIC SSABER fit I2a«900 111 

TRACKS 14 

TAPE mOTH 1 INCH 

TA»C SPEfOS I SELECTABLE SPEEDS fPCP 19/14 

TO 120 IPS 

PREQUENCV RESPTNSC 4C0 HZ TO 2.0 NMZ 

RfCOROINC RATE. ACO RAPS AT 120 IPS SERIAL POOE 

AflGHT*. ...ICC POUNDS 


LEACH 

PHTA TCOO 

TAas 120 IPS 



TAPF length...,. 


PACK TNG DiNSitV. 


SIGNAi/NGfSE ... 


CATA capacity ,. 
BANDWIDTH 

2.2E*I0 KITS 


TU 


BORG WARNER pPfRT 121 



TAPf WICTH ................ 


TAPF length ............... 

..... 24C0 FEET 


19 irP/l/T 


CATA CAPACITY 

bandwidth 



AHPEX CHRP PAP ITCO A2R«000 

TRACKS 14 

TAPE SPEED 120 IPS 

TAPE length..,,. ,9200 TFFT 

TAPE WIDTH 1 inch 

RECORDING NODE DIRECT 

PACKING density 2C «A/I/T 

sicnal/noise 20 np 

CATA capacity 6*2E«10 

PANDnIOTH 2 RB/SfC/T 

ANPE* COPP RAP TCC 629*1 BO 

TRACKS 14 

TAPE SPEED 60 IPS 

TAPE NICTH 1 INCH 

RECORDING NODE DIRECT 

PACR ING density 20 kP/I/T 

SIGNAL/NQISE 20 OP 

CATA capacity * tE*10 KITS 

•ANOwfOTH I NA/SEC/T 


II? 


911 


AMPfl corporation RAR-200 121 

1 GO H2 TO 9129 nZ TmRCUCm 

900 HZ TO 290 KHZ 

TARE width 0.9 INCH 

TARE SPEED 1.RT9 TO 60 IPS 

RECORDING T IPE R N|nuTES TO 4 MIS AND 14 n|wS 

PORNAT OIGI TAL 

TRACRS 8 DiGtTAi. T ANALOG 

OIGI-OATA CORPORATION RUOC R?A90 111 

TAPE SPEED 29, II. T9* 12.9 l»S 

TRACKS T OR 9 TRACR 

DATA density 1600 CPI Phase ENCOOEO 

2C0* 996* BOD CPI NAZI 

TAPE 0.9 INCH, 1,9 NIL* 1200 FfET 

OICI«CATA corporation ■ 1 TCO/POP- I i / T- 9 69290 111 

TRACK NR/1 

TAPI SPEED 49, 9T.9. 29* If. T9* 12.9 IPS 

TAPE 0.9 INCH. 1.9 NIL* lAP/ANSI 

CC«PATtALE. 10.9 INCH REEL 

TRACRS T OR 9 TRACK 

DATA density Phase encoded 

HCNEYWELL R9« 617420 

T 

SELECTAALt TAPE SPEED RANGE***** 19/16 TO 240IP9 

• EEL SIZE IAIN 

PAIINUN AANOWirtTHlOlPfCTt 2« HZ 

TAPE 1/2 IN 

hCNEYWELL R9400 69710 

portable tare recorder 
channels* T 

SFlECTAALE tape SPff** RANGE 19/16 TO 40IPS 

PAIIHUH AANOWIOTmIOIPECT I 9C0KHZ 

PACRINC density UP TC 60JPRI 

mi IGmT tolas I 92KGI 

input voltage. 2AY0C 


C-11 



MfMLlTT tl«SfD tlOlOO III 

ffAUDWIDTM 100 HM2 

(HAHNtll ^ 

• iCOtOINO WMAT OIPfCT Oft ft«« 

MiHtfTT ftftCilftftO ftItfSC UftTOO III 

IftHCKlOTll ftCO KHt 

CMAM«»Ii.f Ift 

•fC9ftOIN6 ftOftHAT * OlftiCT QR AM 

MttiITT ftftCiftftO •1^904-011 ftlllOO 111 

IANCmIOTh 900 h£ TO 2 mil 

CMANMILI Ift 

■fCnaOINC oi*ect or Rm 

mHlITT RACRARO ■BftA0A/l|CA9A/ll049A ft479A 111 

CO«lPtCUftATION ftACft M0UHT20 

TARE &RCEO *•••••••••#••*•«■•••• 19» ) AMO f/«« 19/1* IR$ 

(''AMHILS ft 

ftfCOftOINC ftORMAT RM 

PASttAMO 9 «H2 

i/N RATIO****.* *.**•* fti OB 

TiACKi )0 


401002 ANMUNClATORi-AOVtSOftV SC012 21112 

401002 

401001 OV.AL RAMaS mount CO ON CONTROL / 01 9PLAV CONSOLE PRGVI0IN6 VISUAL 
401002 alert cut MHfN A LO* PRICRITT MAlPuNCTION OCCURS IN ANT ONBCARO 
401002 EIPPRINCNT OR OTm|R OPSIONATED NOCULE SURSTSTCM* 

401002 

401002 annunciator-visual *•*•*• 12 IN DUAL BANKS 

401002 niSPLAV TtPC ********* RfO» W4|Ti* GREEN 

401C02 ANNUNCIATOR-AUDIO *•**•• HORN 

401002 
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AT^OSPHFBfC a*iO BHVS1CS 

4t«000 BCCK B 0 SIT|O»i Tv DlS^llT 4^*01 Hill 

%B4000 

at^OOO 0ISBL4V a«SOLUT|OK IfLlVlSIUN PF tSt*t«l“€ST PCt*» PCSIMO»»V 

ataooo BtFOBE. CUBING AND AFT|« EACH |l»tBIKlN» BEAt^lTICN 

AB4000 

AB4000 AfSQlUTtON *... 52^ LINFS 

AfAOOO FIAMf AATE ....•••••••••• JO FAsmES/SEC 

4BAD00 BANONIOTh «... vnr aanGE 

AtAOOO 

COHU ELECTSONICS INC •COE #7T5 III 

AP-09 fOl I 

PaNOwICTh JO MM/ 

hOBI/ONTAL lines 122S 

FIELDS AC PFB SEC 

CONBAC COBPOBAI ION BBQA 14/B 11620 111 

VIDEO A**PLIF1E« 

COMPOSITE 0.) - J.O V P'P 

NONCOUPOS ITE O.j V P-P FOB 100 pCT CCkTBAST 

),0 V P-P MAilML" BEfCBE PtfAMP 
OVERLOAD 

VIDEO INPUT IMPEDANCE ?C ■ OhM M|N ShCNTEO HT MAS 10 

PfO signal of 20 V P-P; H0“ 
SlPPBESSION *0 GB 60-UeC «2 

VIDEO fPEOUENCV BfSPONSE 

AT SO PCT OF MODULATION .... FLAT * /- I OB TQ JO Ph/, -6 OB 
AT 40 “M/ 

AT 10 PCT OF depth moo FLAT •/- \ QP TO JO “hZ, -2 CB 

at 4 0 MW/ 

PULSE AESPONSE LESS Than IS NS AISE/FALL T I 

AT SO PCT CEPTM OF MQCULATICN 

E4TFANAL SVNC COMPfSITf 0* SEPABATE H/V SYNC; 

O.S V TO 10 V p-p» GBEATEB THAN 

S4 OHM input impedance 

L I NE AAjTv •/— I PCT PICT UB F ** f | G T h 

BETAACE time 

hobi/ontal s MiraosEC m«x 

VEBTICAl «00 MiCAQSFC MAI 

SCANNING FBEOuENCV 

HOBI/ONTAL IS - 40 KhI 

VEBTICAL IS - 60 F I EL0S/SEC3Nn 

COMU INC. ILECTB3NICS OlV pMAOC AS260 

flCTUBf SIZE 7-J 16M ■ S-4 /Eh ISChES 

hOBI/ONTAi SCAN V4S LINES* SO OB 60 FIELOS/SfC 

ATI LINES. 60 FIElDS/S'C 

VIDEO PANOMICTh 20 mh/ */- 2 GB 

BOWEB 29-2B.S vDC . HO MATTS 

6t6000 €*B€B|M|NT tv DISPLAY APB02 lllll 

6*6000 

6*6000 DISBLAV HGh BESDLUTION TELEVISION PtCTUBES OF ABfAS fF I6T|6FST 
6*6000 IN BEAL time OP FBOM VIDEO AECnSHEBS AT vAAIOtS SPEEDS. 

4*4000 

414000 J2S LINES 

4*4000 FAAME AATC * JO EPS 

4*4000 SANOMIDTh UHF bange 

4*4000 

COMU ElECTBONICS INC. ACOF »TTS HI 

fANOWlOTH JO *H/ 

hOBI/ONTAL LINES 122S 

fields 60/SEC. 

CCKBAC COAPCBAffON ABfiA l4/A AIA20 III 

VIOEC A-PLIFIFB 

COMPOSITE 0*1 - 1.0 V P-P 

NONCOMPGSITE O.J 4 P-P FQA | 00 CCATPasT 

J.O V P-P "AlIMiJM BIFCBE PBFAMP 
OVtSLOAD 

VIDEO INPUT impedance SO * Ohm min SwCNTED BY "Al 10 

PFO signal OF 20 V P-P; HUM 
SuPPPESSIDN %0 DB 60-1000 H/ 

VIDEO FlfOuINCY BESPONSl 

Al SO PCT CF MCOOiATfON .... FLAT ♦/- I 0* IQ JO ph/, -* OB 
at *C mh/ 

AT ?0 PCI OF depth mod FIAT ♦/- 1 OB TJ 30 Mh| , -J OB 

AT 40 mh/ 

FULSE AfSPONSE LESS Than IS N} A|SE/FAiL T|Mf 

AT SO »CT depth of hoooLATION 

IITEPNAI SYNC CCPPCSITI OB SEPBBATF h/V SVNC I 

0.* V TO 10 V P-P* CBIATIB THAN 
S« OHM input impedance 

lINtAAlTt ♦ FCT PICTtBE hEIGTh 

■ ETAACE time 

HCBI/rNTAL * -ICBOSEC MAI 

VEBTICAL BOO "ICBOSEC m* ■ 

SCANNING FAECUlNCY 

hOBI/CNTAL IJ “ 40 AH/ 

VfATICAl IS - 60 F IfLOS/SECCNO 

COMU INC. EHCTPCNICS PlV B4E0C AS260 

FICTUAE SIZE T-1/16B ■ S-J/AH INCHES 

POAI/ONTaL scan 64S lines* 60 0 * 60 FIELOS/SfC 

ATJ UNIS. 60 fielos/SEC 

VIDEO BANDmIPTh 20 "h? • /- 2 08 

POME 2N-2F.6 VOC , 160 -atts 
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X Jo • ' 

X 



I ra*Q.) *t.i » M l f 
I /« 9 CU 


•tt, Pi**l ... ‘•ffcl’.J 4,- 

ijf V»i|‘'*»S f*ECUfNC» 


IT «503 

lt^»00 


a»»*n* i^-th 
S t^SIlIVlTf 


20 H/ fo KO •-/ 
IC NSNOVOLM 


It49fi0 Af.EUSAr.V 



34 


irisoc 





Tf«ifcrM» iNf 


ell 9 IPLir.-IN UNIT! I| ?Cw 

ill 

EHf «urM t 



1 m„/ 


LH| ECT KN 

« ACTna 


T1 ICO V/CH 


► »«l I'T PAf AEP 

a!4l1/FS*2P/A994A 

111 

«fl • CT A-*i i 

< • *. 

cT .... >iOA**E 

, U-!0w »• E 


«-i .’uEsr » 

s»i*f w T-u* 


S«G AH/ 


f Ml j * 

» ...... 


1 

AHS )Lllt t A«mi I »iiDE 

ACruHACT «••. */- g.e 

n- 


J"'. AT . . 



*tEi». 7u i> i jr.e*^ 


E nc -n sLi *.• 

I» K 

■ i<A ir 

* |9 

•- u 

SINCFS 


• SSP-9C-IP 

tP'AJC 

111 


a*Ncf 'C 

«E*isit|viTv 

l»9100 ' I -ChskuH 4\Aiv/fv *a»iC* II Jl 

IT9900 

iT«soj MfAKuac »BtjuLNCy. v^einri »»*no 4 vmao€ ^ifxr 4kc 

W9%03 “U^ivii -4* Ml 'k -CltniLC «4kiil»tNtT * S I “'.I ’ iNf *' C S t » . 

I TS^CO 

1 7990.J i4sr.iiT** g K to «*•/ 

1?9900 1I<«E maSE ICQ m**l CLJC« 

■r*»n‘.T ,I/E *Q"A« *1^1 Cn4SK'l^ 

199100 

f« *4 » f • / 4i • t ■ ' •^40jrt II 

►A^'E UP I*.* H^l-IAGAH QlClkiOSCCPI 14 llrt Dll^lAt Pl.X-ls 

*•?»“ Cl-l»A| »4nrff40a, 4S0 i^laa anal 3r. OI'.i^ai crsvEa’i-* 
IS 9h|04 PChEA supply ISYFAPACf 
**r"iwt KFNC»* 

S-jrifl- ?4»4 • ST mo 

TAM AC:uliri')S ••lUkS pmA, nCS* i- list 

1 * «*•/ 

ST IHAl.i II PIT n«T4 •OAQS 

riSPi AT C4T. AI13 C*| 

♦ r*4SSrLS 1 llAf I a4|.*«C®a 

C-uST f4**lCI»Y CH4S4IL ?p*?0 *11*4 ISTfaSAL 

I L4G HITS 

ci9;ssm>.s tpiio.mn.s incmfs 

mi U»<* nn IPS 


1 T^n ! J 

■ A* A'AiVE P 


AE-i 

1 »4»0J 
1 T91C0 

l}iT*':r|4N OE il^NA*. APPLlTg3E 

ANU E a»0urNC Y 

1 SEQA-iM \ 

194900 
1 94900 
194900 
194900 
1T4900 
194900 

•ANChlPTH ................. 

. . . • IC TO AOC 

AhE 

PAFQmENCt BfSOLUTION 

t . . . 1 0 H E 

S«SSITIV!Tt 

fwAiuNtL S * t 1 1 t T t t • t t . . t r T - < 

.... 1 -V TO }0 
1... 2 4INI4U** 

V FS 





•Onhi 4S0 SC*«aAaX alfP • 100. PAll . 921 »1«.419 

E«I*»UISCY PAS'*.# 4 «»*/ ’0 US ••Hf 

SESSITIvIYt < 0.9 MICASVOLT 

Tf«T*v'SU ISC pUI CPLUC-IS USl^l 4l 1 JJ 

MF0u*scv PAsr.f 9c Hi ra i phe 

CPElCCTIOS PACTQA t HV/C* TJ 100 V/C* 


«EwLeT» PACHAa-" 

»pE>»|sCy tAsr# ... 

»P£wjCsCt ACCuaaCt 


ni 


•Y9aOA/39«H4 »492u 

2C H/ TO 420 R**2 

HE ♦ TliiC PAS* 4CCU4ACTI 

P04 20 HE to 42 4«E HAAC 
./-fio "2 • ▼»■? •ASE ACf'-PArTi 
•'St 133 me TS a20 PhJ P4SC 

• *F0u»KCY •fSiLUtns I .«//i«fsia **1* no HE TC aEphEI 

IC H|/n|S04 Cl I 1900 •*E-'’20 «hEI 

A«Pi n<iO* -4 nOE 9 4|C40v0lT TC >□ VFS.IF PASGfS 

P4sn»int** IPKIFIE‘3 1C. 100. iJ')0i sloo he 

t«»rr 44TfL u ic. 100 icoc. 1100 he/s 

•Aa SoffP Tl«| 42C S •/- ISA 

iTPlOO HAVE ASAlvEfi APIOS lllll 

I T9900 

IT9130 OfTfA«ISE .irPAPATI ASC ASALY2I VAAiOUS PAffiufSCT CC^PCAfAtl CF 
1T4100 IAPuT SIGNALS III FUNOAMFSTAL . hAI 4C.4|CS. I N T f ««OOLi A T I CN PAQ* 
1T4S0O OLCTS. fTC.U 
IT9S00 

19990) •AN*'.IC*H 

l’v>„ '-».w‘NC» -ES iUTIIS 

i*«1C1 S'NMMvtU 

1 ♦n*.. , ' f.*.M » 

; »4*oo 

«!-lET» PAf^APO »1UA 

AtEgU*SCH •AN'A 


I »hE to 1.9 4 hE 
•/- 1.0 t 
13 4V TO ICO V 
i »|N|MJ« 


‘•♦..wiNCT ACCuPACt 
AHPi iTor» PAsii ,. . 


A42T1 111 

1 AHE TO 1 « •••E Is IP C*EPtAP- 
•isc PASIS. 200 •-/ CvEAlAP 

• F-iio -/ • ti»e-aasi ACCu«Acn 

-AT ca- T-H 21 0 P» ES * 0-190 O'* 
-IQT 0«4 TO 11 D 44 40 C t-P 
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2I*«00 *ATCh PANFCf COAXIAL aPfiCT flllM 

IIMOO 

219900 HULTIPLf INPUT PANfi CAPABLf 0» CnaNNfLlNC HI jH XPECUfNCV a» 

2IMOO £nmgy to A»panpaiare iNsrauNiNTs hith loss aso intm* 

tltNOO fE«£NC€. 

21NN00 

raOPPTEP eiFC. ajsi-^? »7^ tu 

VABIOUS S12C PATCH PANFLS* JACKS AND PLUGS A«£ AVAlLABLf 
rPO*» TAOHPfTfP, catalog should CONSULTED KfMi SPCCIHC 
APPLICATION. PEVIFh INDICATES |TE*«S COulO 6F LSCO OImECTlv 
IN SPACE 


BANONtOTM C TC SS 

SENSITIVITY ID Hv ai«S 

time PASE IOOkhZ to 13 mm/ 


179900 fPEOUENCY COUNT** A®80 a Hill 

179900 

179900 DI«ECT MFASUBEMENT 0* EBEGUENCY ANO/O* SIGNAL PEPETI7ICK »ATf. 
179900 
179900 
IT99C0 
179900 
179900 

GENEAAL BADIG allSi-B ll%o9 III 

fPEOUENCY DC TO 39 mm/ 

COUNTING GATE TIMES I MICP3SEC TO U* SEC 

ACCUPACy •/- I COUNT */- timp-bsSE ACCUP 

sensitivity 10 MV PMS SINE mAvE « 30 mv E-P 

PULSE OfCPfASING APQvE 2C mh/ 

TO APPAQl 100 MV PMS AT 30 Pm/ 
OISPl ay P DIGI TS 


PENlfTT PACRAPO 


P9323A 


91690 

9699 


III 

III 


JOHN ELUKE "EG CO INC p199/a 

EPEOUENCV PANGE OC TC BO mh/ 

DISPLAY 7 digit leu (A 0* 9 CPTICNAII 

sensitivity 90 MV PMS PC TO 90 mh/ |NCPEAS> 

INC TO 79 MV AT PJ mh/ 

PEPIOO range OC TC 10 Mh/ (OC COLPLEOI 

9 H/ n 10 mm/ (AC CCtPLEOI 

time INTERVAL PANCE C. I MfCPJSEC TO 1E*« *FC 


104020 AUTOMAYfC ntSPLAV GfNEPATOR 
104020 

104020 PPOVfOES 3C DISPLAY 

OPTICS TECM^OLOGY INC P2l* 

PQmEP level. 

ElPOSUPE time 

mount PENC 

FILM PLATE Sl/E 4 A 91S 


APP09 mil 

III 


0.3 

TO 1. 

0-m; 

1. 

G TC 2. 

.O**- 

4* Tr IRC 

SEC 

; 19 

TC o3 

SEC 

BENC 

H 





4 A 

9IS 





GABC 

R ANO 

FRf 

yNEL 




JCOON ENGP ASSOC PHS-r 

ACTIVE VIBPATIPN ISOLATION 

laser >..... 20Mti HE NE 

system COMPONENTS 


*£AL time plate mclOEP. IKJTTEP 

beam steeper, reference MiaBORS 
SPATIAL filters. WA4IABLC '*AM 
SPL I TTEP . enclosure 


JCOGN ENGP ASSOC 


PAP-ICC AI.TO A6903 

PHOTO PPCCCSSOa 
PlOVlOfS CHEMICAL filling and CI»CULAT|NG. ANO draining to 
fPOCFSS photographic PLATE 


&$ 

Ly <y 



% 


104020 

099090 CAMERA S^lLL 
099090 

099090 RECntn EiPfRIMENT ohENOmfnA 
099090 
099090 
091090 
099093 

hONEymFIL INC 
LENS .... 


APPlO Hill 


film size 19MM 

SHUTTfP SPEED.... I SEC TO 1/900 SEC 


pspotpmatic e •m«i 1419 m 

99 MM, T /l.P TAPUMAP 

39 mm. K//.0 TO */l6 TAPUMAP 

SHuTTfP SPEEDS 1/1 300 SEC TQ T|ME 

VIEM ING Thio lens 

film size 39 MM 

4)0030 i-Y PSCOPCCP AMPH 21111 

41300C 

4)0000 PfAL-TlM{ accurate tfP«OCUCT|ON OF SPECTRAL DATA SOURCES ElCTTfO 
M)0000 CK CAPTESIAN COOROINATES. 

4)0000 

4)0000 C»-ANNELS 1 

4)0003 accuracy ./• 0.2 I TV 

4)0000 

RCmOE AMO SCh»aR/ »ZS> ( 100.1990. C2> A10903 lit 

mRI^IMO «PfET> l.*0 M/SEC 

OfFLECTirN FACTOR |0 MICROvOLT/CM '0 10 Y/CM 

mPITING method El EC TP 1C P! N 

HKMlfTr pac«APO •TCi9A •‘»*9 111 

IMPii’ RANGE 1. 10. 130 •V/IN; I PRO 10 Y/|N 

-PIT ISO MfT»CO ELEC TP 1C PEN 

ACCU** ACY • /> 0.2 I T s 

linearity « /> C.l ITS 


A MB 1 2 


n 299C0 PfCTPpFP - STRIP C^AB* 

429900 

429900 RECORD ntPO C0»v DATA »rC** I Om FREOUINCt amalOG I n vE S T | f.A t |r MS 


C-15 


21111 


:4-.SA-0C47-/ 


1 


Space Division 

Rockwell Internahonal 


f U i^c 

1 . 
,/- u.*> ▼ 


«2V.0vi 

• lCi»^*N 11*2 » 111 

Fi|,t.^r.cv IC TC 110 

fMASSFiC ^VfttT.TIM .2>0*TA 

>M».G (*fT*C0 ••••••••••••••••• VH|tM4L 

S^miMvlTv to 

ri»t »n4 ;c-woi > 

c»<MT torto 1 TO Z9C *t^/S(r 

lAto Ol'TICNAL 

-fhCtwlLl Ill 

C 414 t> *SS<I % 

(vfvT 1 ^ . . . ^ 

OC TC 

0»l T«i Ww 1^' 

■nusT **At« 

l44Fb Ikirt* 

w'.NttiitLL »1F*® * 

■ fSOlUTIOS 2C0 UCtfK* iKO.VSfcU*! 

»IC0»DI*«C a*Tfc >!*C^ 

C«T I* TICS 

SHi^T Sl/^ 0*CCS ISCr* 

5wFFP au»000 llNtl/VfC 

NOHifYwFLV. allSa • 

S|'*-»4C< ••iJilHTPIt a,T»f X is.l* » 210 

■I K.-T tii/ I «Cr -:SS0-< UM IfS. 

ACrr^k>iFs * 1*1* 

CHX^SfL^ II 

•»fn»oi»io sTviis iM»mifu-vi »»cvixr 

• FS»n*(£f OC TC S030 M> 

l**n*jT SF»SltlvlTt lOQ HlC*GV(aT - IJJ yCITS 

4>.CU**CT C«l I 

«*pra SPF(C 0*1 ^ 120 til 

P. •tfc I2C/243 ¥. 1^*00 ••F 


Mtaittt PAC«A<<.''. «MC0i*l PlTt* J»T|IN t?2*S 111 

OH 4*0 0?1. 

IT1C04 •itX-IH 

CH*NNltS 2 CmANNFlS Plus trf*S» •»4‘‘**P C\ 

intN iicfs 

•MTINC. •'iiNCO !lfCTIIC 

P^C'iPICv »••••••••••••*•..•««... 1 2* C. 2 I * S 

vr'LTAr.F ip;;.! i <*v TO lOti v 

wfpLiTf PPCPIhfT ■ ttCZ?* /PP014 t2***0 111 

MfOufHCV •FSPn«<SI OC TC 129 m| 

MtUNC MftMOO tMfiMAi 

S \ 9 PV/M V 

r..4NMi! 'C«4»tNfis MPffcy*A-if*. 

VniTpOF PMtr.F «••.•..•.•.•••.••. 9 MV TO s V P|4 ni% 

iccuitcr «/- l t 

..l.tlTT P4CRAI0 •trcPh/PPOi* Tll’9 

CQSPlCulATIQki pack MQOiTtO 

ChAAT SPEID Q,?9. 0,9. l« 2.9. 9, lO. 2*. 

90* 100 MM/SfC 

ppfoufxct ■ispcmc i 9 c **2 

• 

pPiTli.'; MftMOO tMfPMAl 

iSPijt lASOfS It 2. 9, 10. 20. 90. IOC. 200. 


10. 20. 90. IOC. 200. 


9C(.. 1000 *>k/OI » 
♦ /- It 


fCSFVMlLt 

PlPfl MirTH.« 



r»Fi«*Fi^C* •FSPPXiCF.. 

.'Alt'* SPttJ.... 

SPf4P VAN I A* ION 

mount 


IICIMAN |N1TPU**INTS 
FANOMtOTf 


CmaNNFi « 

•fC *Ul‘A’ ... 
CMAPt SPfFO .* 
■APif^S 

CHfNSIOiS ... 

pgmCA 


• 299C3 IfCIPOEP - STPIP CMAPT 
AI9PU0 

A2*»'*t f/nr f'^Pv PaTa, 

*;• ' u 

A/.*- 'MASStt'.. 

• .•9*1. 1 

P»ti .*t‘ INS I . j-.KTs ik P 

»AFj^iNr» 

Ch^NSFiS 

i.p|*iAr. Mf-Muc 

IfNSHlYH* 

•F9-JNSF t|-F 


t-AAT iPtPO 
|«r. ftwTPllT 


DC TO 29am/ 

20CIPi 

19 PCPmAAO, 12 AFvlASf 9»F!D9 


tlC799 III 

or ir !!»./ 

900C H/ «|Tm PA.900TAPI PFC 
I TC i UP TO 2* 9*fC CPPfP 
tM/PMAi AffTIUNFA- 

0.1 TO 29 CM/SIC CTmFPS avail 
2 ICPTIONI 

a 9 .*a^ 1.9 a 22.9 is^Hl i 
120V 90/AO M/ |90b 


I 192 J 111 

nc TC no 

i vf nT, r I m , I data 
»m|# AAL 

I MUV^MM Tf> • V/MM 
9 M9FC »DP I0-90I w* 90 PIN 

TA 

I TO 2«0 — /UC 

optional 
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HfblFTT FACS««D eTtOOAA *<Mh OPTION t22^5 111 

014 and 02). 

!T)00* PIUC-IN 

Channels 2 channels alls event naabfa on 

eOlH SIDES 

WAITING HEfrtlD electric 

ACCUA ACT 0.2 tFS 

voltage SAAN 9 MV TO 190 V 

HEWLETT AACrAAD ■/TC2A/8a01A »2T50 111 

EAEOUENCV RESPONSE DC TO 1?) hE 

■AITJNG nEThOO ThFRNAI 

sensitivity 9 NV/Otv 

channels 2 channels T I *»E a /“ARAER 

voltage range S MV TO S V *€R Olv 

ACCURACV I * 

hcnevnell AisoAR siiao in 

CaTa Channels 2n 

EVENT Channels a 

FAEOUENCT AESAONCE DC TO 2S«h£ 

RAREA SREEO.... 0.1 TO 120 IAS 

MOUNT RACA 

PAPER width RIN 

HEWLETT PACFARn ■T70RH/R«Q2i 

configuration BACK MOUNTFD 

CHART SPEED 0.2S. O.'i. 1. 2.S. S. 10. 25. 

SC. 100 -“/SEC 

FREOUENCT RESPONSE 150 H{ 

channels * * 9 

WRITING METK3D THfPHAL 

input ranges 1. ?, S. 10. 20. SO. 100. 200, 

SOO. 1 000 “V/DI V 

ACCURACV It 

hONEthELL AlfSi * 

resolution 200 ELEmFNTS/INCh (lOOO/SwEfPl 

RECORDING RATE EEhOH MTS/SEC 

cat FiaFA OPTICS 

SPOT S12E O.COS INCH 

SHEEP SPEED 20,000 lINES/SEC 


hCNETHELL tliSP 

SWE-RACa mounted 

height 1H/0 ACCESSORIES! 

ACCESSORIES 

CHANNELS 

RECORDING styles 

RESRQNSf 

INPUT sensitivity 

ACCUAACV 

PARER SPEEC 

FOhER 


R.TSH X 19 . I A ■ 210 

65 lbs. 

6 LbS. 

IP 

INC9TUtESS-N0 -'•VING ELfENT 

DC TO 1000 h2 

ICC microvolt - 100 YCLTS 

0.1 t 

0,1 TO 120 IPS 
I2C/2N0 V. 50-iCa H/ 


HCNETHELL RISU »T700 111 

PAPER mIOTh 12IN 

CHANNELS 2* 

FREQUENCY RESPONCE... OC TO 2S«h2 

rarer speed 200IPS 

SPEED VARIATION IS FORHARO, 12 REVERSE SPEEDS 

MOUNT. RAC* 


BECaPAN INSTRUMENTS A107SY 111 

EANDmIOTh.. DC TO 1)0h7 

5000 Hi ■! Th pR-SOOTAPE R|C 

CHANNELS I TO 8 UP TC 2N SPEC CROfR 

REC forhat theamal rectilinear 

CHART SPEED O.l TO 25 CM/SfC OTHERS AVAIL 

EVENT markers .................. 2 lOPTIHN) 

CIMENSIONS 64.5A21.SK22.S IKhES 

POhER 120V 50/60 h2 250h 


N2AOOO TAPE RECCROfR - ANALOG APRl* I III! 

AlNOOC 

424000 AECDAD AND PLAY8ACA OF ANALOG DATA IN SuPPO*T OF ATNOSPhERIC AND 
424000 SPACE PLASMA PhYSICS SORTIE LA8r»ATrAY INVESTIGATIONS, 

424000 

4^000 BANDNIDTh 2 mh2 

424066 Channels i* 

42AOOO RECORDING FORMAT FM 

424000 

APPfA CDAPOPATtON KAR-2CC 1*1 

fANCHtOTH ICO HI TO 1125 -I I..RCU&H 

300 Hf T*| 2S0 RH| 


TAPE W]DT» Q.F 1NC*« 

TARE SPEED l.R'i'S TO eO IPS 

■ EC1R0INC time 5 “INuTf S TO * Ht S ANC |4 M|NS 

format OIGItAl 

TeAC«S 5 CIGITAL. T anal'T. 


hEblFM PAf-ARO rTSTCR/C a 1600 HI 

|»pf Fnn-*T »C0, 5*6, T" 200 CPI NAn AkO 

IFOO C*l P^ASF -ENC 301 C 

C^-ANNElS T OR 9 

TA*E SpFFQ 10 TC iS IPS 

T4Pt 0.5 INr«, 1.* MILS. IRM/ANII 

tUMPATI ale 
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MUl-DAt* I r-i. .' !► *T ■! “ »i|SJ 111 

I» 4 (C Kli/I 

TA^k SOfH} ST.«» 4*^* l«*M. I4»i 


?A^« O.i INC*<. ^IL. 

CC**»ATItlf* 10.9 I^C>* 

TAACkS -» pt « 

c*^4 CNCOCEO 

IIGHC aAtiSkB api** 1^1 

tia:h< )n 

Sir.‘.Ai/s uf 

t«.*r UP VQ lOQO IPS 

1A**< kir*r- 1/2 ISC*« 

TA»» IIN^'Th 240C PCET 

PA1«|*.^. TrSMTv 1% ■b/l/T 

CAT* r>tPACI*v 

9- *.9 •<P/^K /T 

t I 4t I •»* ■'Ct»w i 1 « 

T.A.%^ 12 

9f wo t«s 

tAPf 1 INCH 

▼ AP! 42CC p^rT 

PAfal^r 0(NS ITV . .... l*.T K»/|/f 

9l^•NAl/^nl:C 22 OP 

CAtA CAPACI** 2*2(«10 

2 PI/SCC/T 

« AN'*A'' 1 f W r* j|t aSAPPP III I2*«9CJ m 

1 -AC«^ 

*APF -irYH 1 inch 

Ti»r SP*P'' •* SfLfCtAPLP SPC*'*S *PC* 

Tp 120 JPt 

ipfcjuf'.cv AtSPfNSC «CC H2 10 2.0 

k-kCnPOlA.. -A’P AOO AMS AT 123 IPS SfPIAt Hcr.P 

ni|c»-T 100 pousrs 

HralL^t PA(«APJ >3<'9^0 *102C0 111 

f ASC« lO’H ICO ***l 

r»«NSMV ^ 

irCJPOJS.. PHAMAT OIPFCT OA P* 

HlMtfTT PAC«A«0 llA^Cu 111 

tANCalO^H IOC «H{ 

ChANSIlS 1« 

P«tP•^I^C Pr>«AT OlifC’ 0* PH 

HFaiF^r pacaA*'^ PlPAQA-Ctl *2)903 111 

PAN'wlOTf ICC H/ 1C 2 HHl 

ChANNUS 1* 

IK’J«riS(j PPPHAT OIPfCT OP PH 

xtalFTf PAC***'' *1SpOA/nO»|A/l)OPl* t«7«A 111 

CrsMCUPATins pack hccntFO 

TAPE SPEED II* ) Amp 1/A. Il/IA I P| 

CHANNEIS 9 

•CCOPOINC POAHAf PH 

PAISIANO I KH2 

S/S ■ATIO. At PI 

TIACkS )0 

hCSE7wELL •SAOO lAllO 

PCATaPlE tape AfCCACfP 

C**ASSElS ^ 

Sll«CTAAtF TAPE SPPfO PAAiCE ll/U 13 AO|PS 

•AllHUH |AAi0Hl3T*«(0t«|CT I }CO«H{ 

PACAISC riSSITT UP TO AOCPPI 

mEICmT. TQLIII)2aC1 

lAPuT wriTACF 2I*0C 

nCSMafll UTAZO 

T 

S<lM*AatP tiPf SPftC AASr.E,,... is/lf TO 2*0I»S 

IMS 

»Ai|H.i» lAAPp in***iciPErf 1 2H H| 

TA.*r 1/2 IN 


CICW.ata crppn%AT]r*i AlPOC a2aio ill 

•API SPi-IO 2S li.T*. 12.1 |P| 

•»AC«S T CP 9 TtACA 

TATA CESSITY lACO C»l PhA|I INC30F3 

2C0. iiA* ICC CPI Sin 

TAPE .••..... 0.1 inch. 1,1 HlL. 12C3 PffT 

AHPfl com pap TCC MI.IIO 111 

^■ACaS lA 

TAPE AC IPS 

Mat •ir*'- 1 I*«Cm 

A*r HP • oiAfCT 

aAC*l‘. ~{s«JT* 2C«I/I/T 

sl.NAMS'Hf 20 OP 

'“A^A A»Af ITt ap*ic PITS 

•AS JalpT- I Ht/SK/T 


)AAS00 C9wlU Mt,|Pf APIll 21111 

IIIICO 

HCSniH -tASuM ASU •AISTAIS CPPEATIA^ IL»C^«CSIC ICwIP*»SF 

nil 00 

tlllOO PASOatOT** 100 HHt 

tlllOO CHANSfLl 1 

IfflOO DIPlICMON PALTOP 2 hy 

lltfOO phOTCMaphic CMaIIiIty Yit 

IIMOO 
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hEbl FrT-eaCRMID •!??« 1150 

9MMI0TH DC TO 500«h/ 

Sf««SITIVlTv 100 MICaQVOlTS/C« 

INOC^fNDfNT t€AMS 2 

S6IGHT *1 POOtns 


TEKTlOfila INC 


a TOON/ 19 Ptur,-|N 16050 
/TOTO PluC-IH 

PANOoIDTh OC TO 500 Nh/ 

CHMNfLS 2 

CCFLELTION PACTOa IC f*V/0IV rr | v/OI V 

TI(*€01SF ? N5/0IV TO 5 </0l» 

MEtaLfTT/PACRAaO S*N/1'5«-?81 A 13130 

•ffTS -IL-SPFC PEOUfPEPtNfS 
PANDhIOTM OC TP 

sensitivity O.iv/Olv TO I.ov/Oiv 

CHANNELS 2 


HENLETT PACCABC P18U0/18I1A 

EANONIDTH 4 CB 18 

OEPLECTION FACTQA 2 Hv 

ChanNcLS 2 

PhOTCGBAPhIC CAPA81LITT VE S 


1?’50 


TEKTAONU BNP5 14200 111 

PANCE.CAL IRPATEO. SHV/OIV Tfl Sv/Olv IN 10 STf PS 

UNCAL tPRATEC*. CONT vah TO 12.5V/CIV 

CHANNELS I.ALTEONATE. C hCPP^ 0 * ADDED . X -V 

CHANNEL 2 <«JP QB tsvEBTfOl 

ClHENSlf.NS 14.7 1 52.4 ■ 3C.5 CP 

N€ ICHT S.N ■& 

PCNE* I15/210V 44-4«0H/ 604 

TiSPONSE TINE < INS 

eiNDalDTH 3‘C«H? 

TENTPCNIX INC «P445 11800 Hi 

0 AN Oh IDTh ...................... DC TP 100 **m/ 

CHANNELS 2 

CEElECTiON factor 5 -V/OIV TJ S v/DIv 

TIhE base O.CI •*ICanSEC/''l V TC 0.5 S/DIV 


TEMTSCNtX INC 


•a56l4/3Aft PLOC-lN/ 
3H4 PLUG'IN 


11840 


m 


aANONinTH DC TC 10 *4«2 

CHANNELS 2 

CEFlECTION FACTOA ic HV/OIV 10 v/oiv 

TIME BASF 50 N5/DIV TO 5 S/DI V 

PfSETiMF 15 NS 


095050 

CAPEBA.ST ILL 

AP816 21111 

055050 

055050 

PCLABOIO CANfPA TO BfC0«0 

TBACES ON OSCILLCSCCPE 

055050 

055050 

055050 

F li P F nPMAT 



5.25X4, 2 51 NC 52.55X162.9 5HHI 

055050 

055050 

015050 

05505C 

1 ENS . 


SmiITTEB SPEEDS,-*...... 


FIElD DF V 1 Eh ......... i 

40 oegbees 




TEATiONH INC aC-l2 15«0 

LFNS 75 -P 

STOP f/l.<; TO F/16 

PACNIFICATION 0.05 

lens speed 1 TC l/ico SIC 

4 TO 1/60 SFC ‘ICCT 

FILP type.. POIAPOID 


TEATPONIX aC 3C 1524 

■AXIPUM BELATIVF APfaTuBE */l.N 

PAGNIF tCAT ION 0.7 TO 1.5 

PELATIVF SPEED.. l.C 

field OF VIEP.* 3.I5XI.93IN IAXlvX:»l 

filp 7vpf potAanio 




■ 9 






hEMLETT -PACRA aO AINP 

PAlfHUP relative APfaruBE ... .... 7/1.5 

PAGNIF ir AT II l.*C.05 

SPEED 4 TP 1/60 NEC 

lens T 5P- 

FIIP TVPE POLAaoiO 

hEhl FTT-OACrAAO «IS 4 a 

PitlNOH aELATiVl APfOlUB* 7/1.1 

•AGNIF ICAT ION l:C.5 

SPEED 9 *0 1/30 >EC 

LfNS "C-P 

FILP Type PCIABOIO 


»4/C 


01CI7AI 


AP0|7 


416000 Tape afCCBOE* 

424000 

424000 AEC3*0INf. AND PLAY0 AC* C» DIGITAL OAT* COPPATaB^E pI»h ANT CN- 
424000 EOABD CCPpuTINC E 0 LIP“EnT, 

426000 

626000 BANOp|T»* 2 PH# 

626000 CHANNELS 0 

626000 signal 0 TO 5 VOC GlOi Tal 

626000 
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aw..* , f, cA--/!:* i?i 

• A>. li'iH l.»ti ►*/ Tr »ir-» Ml 

I .ill »•/ T.J ,50 ..4/ 

Taar ^kth INCm 

tAPi SP^ID TO «0 IPS 

AfCntOING TtHf • **IWoT£i TQ ANO 1*> "INS 

*C«*«AT CICtTAi 

TiACAS • CIGt/ACi T AMI K. 


0 I 0 I* 0 ATA CfiAPQPAMtlN •! ’COlP^P-l l /‘»-9 111 

TSACk ^A/l 

TAP SPCfu 11.5 IPS 

TAPI 0 .« inch, l.« HIL* IIPIAASI 

Cu*PA»|Pif, ii),5 IKC*‘ ^ffL 

tPir»« f A 9 

CA • |tt nnAii 


A**Pt r • I- ■Ak I k.a.jJt 11* 

TP if A < *.A 

fi-'i i:a 

TABF »irv» 1 INCH 

-r. fOlKi. «l Ll 

packing JlNSlTt lOKfItIT 

SIGNAI /NHISP 20 

CATA capacity A.ir*lO 

PASi.ell.Ti. 2 

Tapi itm.Th *»/uc p*** 

SANbANu CLklTPlt A^AOrP Ml l.'PtlUG 11* 

T‘Af.< 1* 

iA-*i 1 iNfH 

TAP* SP‘*P5 A SIlfLTAAlf SPfP"‘« *PfP 

f»‘ 123 IPS 

fAI3UfCV AfSPOKSk AOO HI IT ?.J KHl 

PICJPOISG kATl -APS AT liO IP, SP^lAl H.infc 

■f IGhT i;0 POUAOS 

HfbUT* PAC«AAD •7St(Ji/C A *6JJ *U 

TAPF POPPAT icc. SSA, UA luo C»1 AA|I AA.» 

lAJO rp| pMASf-f NC -oro 

ChANIuFI S 7 OP 9 

TAPC SPff'^ Iv) Tn 4A IPS 

TAPI 0.9 INCH, *•) PUS, IPP/ASSI 

fOHPATlAtf 

POPG mAPM* 121 

TPACAf ........ 13 

Tapi SPUn JP TO 1000 IPS 

TAPP •nT^ U2 inch 

TAP* i Fsr.f 2«00 PtM 

PaCaISv OINSITv IS PPIt/T 

sir.NAiiNcm 2A ^1 

CAT A capacity 1 .3P*A 

PASrbiTnTH P-IS HA/SEf/T 

LfACk *HT-» TCJG m 

TpaCaS 12 

TapC SPfiO 120 IPS 

TAPf to 1 rt n I INCh 

TAP| lInGTh,.,. 9200 PIFT 

PACYING nfNSITv In. 7 aA/I/T 

SICSAL/MJiSf 22 OP 

CATA capacity 2.2f*l3 

PANOtilOTH 2 Hp/SlC/T 

HftolfTT paCyAAO PlSSAj 110233 111 

fAsrnn'M ICO PM2 

ChANNIlS '* 

PCCOaOING POPhaT UIPfCT QP T* 


► fPlI’^T PACaAPO Pl<ssc A’.pTCJ 

PANTtolOTH SOO «H| 

iHANMiS ••...*. IP 

PtC tkriNr. kOAHA* OMCCT OP TA 


MpLITT maCaaau 

PANOtolPTH 

(»*ASNIlS 

PPCnpOlNC PCPMAT 

toptotiTT PACpppn 

CCS* IGuPATICN .. 

TAPf SPtfO 

CNASSIlS ....... 

P*tlA»»|M. POAHAT 

PASSAAsr 

SIS PAt] 0 *..«..« 
TPACAS 


• ssAji^on iisp)^ 

...... SJO H| TO 2 *b«| 

1 « 

OIPfCT OP f" 

PSSAOA/1 ICASA/ISOAIA iPT^A 
>...... AACa NT'UST^D 

...••• M. 1 Asn Wto. IS/tA IPS 


...••• PH 

S AH/ 

AP OB 

so 


111 

III 

111 


hCSIYhIlC iSAOO tP7lJ 

mtAPi « TAPf PPCfJPCfP 

SU<>TAtoir TAPf SPTfr ISIIA TO AJIPS 

PAitwiiH * SSr.to lO'Hl L UM T I , , • . . • . 1CL*H| 

PACAlSf. OfSSlT. UP TC AOOPPt 

•• 701BS 1 12PGI 

ISPi'T Yl I TAGf ..IAyOC 


HCSfVtofCl PPP tlTpJO 

rHASSfkS T 

SfirCTABCl TAPI SPffC PASGf |S/U TO 2A0IPS 

AfH ui*» 

•AAIHU" f ANO mIOThICIAICTI....... 2 * h| 

TAPI aICTP I/I IPI 


c-» 
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OIGI-OAT* CORPa«AT|ON alAOC S265) 111 

1AP( SPEED 2S, IS.7S, IPS 

rsACKS r oa e reacK 

DAYA CEMSITV lECO CPI P»<ASE fRCCOEC 

20C. 9Sb, aoo CPI NB£| 

TAPE Q,b INCH, US *«tLt 1200 E€fT 

APPEX COBP *AP •'OC Sll 

tbacks la 

TAPE SPEED 60 IPS 

Tape pioth i INCH 

PECOPO mode,... OTBECT 

PACAt*»& density 20 kO/I/T 

SIGNAt/NOtSE 20 OB 

CATA capacity 6E«IC BITS 

bandwidth 1 hB/SEC/T 

102700 CCWPUTEB APfcie 21111 

102700 

102700 CCNPUTEP capability TC> SUPPPPT atnOSPhEAIC anO SPACE piAS«A 
102700 PHYSICS INVEST IC.AT ICN«. 

102700 

I0270C WOAO SIZE U AIT 

102700 IP/OP WE^OBY TBAKSfEA lE»Ot— 1*. PIT #CP05/SEC 

102700 COBE mENOBy S2E»01 hOBOS 

102700 IP/OP CHANNELS *S 

102700 

CATA CENEPAL COPP vNOVA BOO UH4S0 111 

WOAO length 16 BIT 

CYCLE TtHE BOO NANOSEC. 

COBE NEWqby 32h max 

CATA CENEAAL COPP bSUPEBNOvA SC «*600 III 

HOBO length U BIT 

VAPIAN DATA machines •S2C/I 111 

MF«OBV cycle time USMlCBTScC. 

MEMOBV EA°ANDABLF,<.C96BTTESieBlTS)T0 

32.76BRYTES 

BEr.lSTfPS 12 

CPEBANC PBECmON UP TO 32 “I’S 

ADOBESS bFFEPCNCE A. It, 24,0® 32 P|T teVEl 

NOTE; «AS Full ban-.E 1nte-»eacE 

•-ABOHAar 




/o O' 


VABIAN data machines •B-620/I 111 

(ASIC COMMANDS OVEP 100 

ADOBCSSP.G HQOES 6 

MAX.WOBCS 3?.TtB 

HOBO length 16 CE 1® PIT 

BEGISTEPS 9 

NOT?: HAS FULL BANGE INTEBFACE 

HABPhABX 

r ■ 

CLABY CATACDMP SYSTEMS INC *404 III 

simultaneous TEBMInalS u 

INPUT TELE type .B I TEA KEVBQABO 

ACCUNULATOa 64 BIT 

BEGISTEBS It BIT |NDE» 12 EAChI 

HOBO length 16. 31. <■?. 64 BITS 

PEMOBV capacity 1C24 16 BIT hCBC', 4^96 16 BIT 

hOPDS.OB AOOITICNAL 4096 16 BIT 

fccaos. total 6S53B eOBOS 

general AuTCMATIL'N INC, •lB-30 111 

BUNCTICN SLPEBVISE S-ALLEB CC»EUTfBS 

MEMQBY §•* COBE 

cycle time 1,2 MICBQSEC. 

CENEBAL automation INC, BSPC-U 111 

MEMOBY 16« 

mOPO length It BITS 

PEAD/hP|TE cycle MEMCBy time ... SCO TO 1443 NANCSEC. 

PfAO ONLY MEM06V 4CC TO 72Q NANOSEC. 

INPuT/OUfPUT TIME 1,6 TO 2,8 mICPCSEC. 

DMA TBASSFEB bate 0.t94f*06 2.*E«0t 

GENEBAL automation INC. tSPC*12 111 

■EMOBY 4* TO 16> 

hOBO length 8 BITS 

CYCLE time 2.14 mICBoSFC 

STO*(0 PBOCPAM EXECUTION BATE .. 0.23(*06/SEC 

I/O TBANSFfP bate 0.4tE»0t/S(C 

BEGISTEBS 6 12 BIT BEGISTEBS 

ACCU*B^LATQas 4 12 SIT 

CATA GENEPAl COBP aNQVA 12» 0 tUMQO 111 

H0«0 IfNCTH 1 BIT 

CYCLE time 1200 NANOSEC. 

COBE HEMQBY max. 

CIGITAL EOuIPMENT COBP BPDP-e/E 622000 111 

“E“OBy 4C9MCDBelf *PANCABlE TC 

32,Tt8 mOBDS 

hQBO 12 PIT 

CYCLE time US mICBCSE:. 
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I0n*3 afVBjaaO TP«»»rK*L 4*»il9 llUl 

10114) 

10114J r.FsdiAL INPUT alTaOAPC aLL0*IKf Fra a*'Cfiaa'*!NC» 0*Ta 

101)40 INPur ANC uaOATfi AND DATA KAN | PULA T 1 ON F04 UNlQAAO ANAIV^IS 
101140 

PfSIAACH INC iOPS-112 i;i»T)^ 111 

Cr-PLtTI data OltPLAV lYlTiK PAOl UP OP C«T AlP*«ANuPr ■ 1C DISPLAY 
CIC-POPP-P ti|NS-COMPUf|«« «I)0I OPIPATIOAS CQNfaOl CCNSCLf* 
PPlNTfl/CAAO •lAOM. atl2»4A ANAPLfiPP AND 4412-1) U4|ne|Vfa 

CHANNPlS 32 

pfHnav SI/E r« hiQPos 

PISfAPCH INC #112-1301 tlSSS 111 

SCa^lN Fr.aHAT 12 lInfs m ti na aj Cha8actf4*, 

24 L INI S A *0 CnACACTfaS 

CtiAPAC^lh ant"A’ sal onr vATaijt 

TPANSaca iate no TO 24)0 4AU0* 1) fP 11 air 

CMAAACTf 4S 

PCOFS MAiP na FULL OUPLF TTfAbLe 

LCCAL 04 6F“0Tf 

afkLETT PAdrAPD #240CA t34«3 lU 

TFKT4DN1C •4C02A/021-OOIA-00 SCSSI 111 

CISPLAV KIPtUK 11 INCH OIACCT-VIE*. PISTA*LC 

STOPACf CAT aJTH 4«FP€S^fn 

SCAATCm pad A«fA 

CISPLAV ABIA t.) INCHES *<r4|/CNT4l X 4.1 

INCHES VE4T1CAL 

Hpmanu-EAIC node 

PC44AT )4 lines PP as NQA#4L C- nAiic 

CHAPACTiaS IN MAIN Afi£A* CM 
LINE OP S4 CmA4ACT(p$ 14 
SCPATCH PAT A4EA 

CHA4ACTE4 SET •••••••••.•••• 44 UPPC4 ANO L IWEa CASE PPINT- 

ING CMAaACT«as lASCiT CCDEI 

ChAhACTFP sue TC44C NIC* ICAN AE jCL’itf Sl/>i 

chapactep denepatign Taa dot nat8u 

cuasnt PU.SATING TX4 KATaii 

CPAPhIC hgOIS ilNlAt INTEPPCLATf. lACBEPfNTAC 

•LPT, POINT PLOT, IU24X102* 
ADOPESSAILE PCINTS. 1024MT41 
yiehable points 

CAAPHir INPUT NODE 1024 1X1, T»l (V| PCINTS. JCT- 

STICa CONTPOLLEO. CbCSS — a|P 
CUP SOP 

104110 status PANtL APE20 211 11 

104110 

1041B0 DISPLAY TfcBNiNAC ■IT»«0UT kEYBOAPO PPCVIOING STATcS Qf LKPEB|eENT 

1041BQ aUNCTIQNS 

1041BO 

P.tr*»n|i 4240CA tlSPJ 111 

rE4Tfi-N|C a4O0?A/C21-OOAX-O0 I4SS0 111 

CISPLAV xEDlUN INCH OIPECT-VlEe. BISTABLE 

STOPAGE CAT m|TH PEPPfSHED 
SCPATCh pad AAEA 

CISPLAV AAEA i.) INCHES hOAIZCNTAL X 4.1 

inches VEPTICAL 

alphanunepic node 

PCPNAT )Q LINES OP BS N04PAL d ITAcIC 

CHAPACTfPS IN MAIN APEA, CNE 
LINE OP #4 CHAAACTCaS IN 
SCBATCh Par ABEA 

ChABACTEB set 44 uPPEa ANO LChEB CASE PAINT- 

ING CNAiACTItS IASCIT CCOEl 

ChaAACTEA sue T0I4C OILS ICAN if DOtBlE SUEI 

CmABACTEP GENEAATION Ti4 oOT XATail 

Pulsating txq hatah 

U>«APm|C hoofs LIMAP 1NTEPP0LA*f, INCBEaENTAL 

PLOT. Pf'INT PLCT, 10241102^ 
AOOaESSAAlE PCINTS. 1024XTN| 
VlENABLF POINTS 

C«<APm|C input hCCE IC24 III. T41 I PCINTS. jCv- 

ST|C« CONTBQllFO. CPOSS-hAIB 

c ua sot 

10414J SPEflAC DATA ArQuISITION PANEC APP21 11124 

I041B0 

40JO02 (*ATTrkv CrSTSCL ANO “ONlTOt A«S2T 11114 

40)002 

OSSOSa CAHrBA - CISF APB/4 11111 

OlSOSa 

J A »AU4fa INC 431T-E1 44 5 0 0 HI 

HOOES 4. 14. 32. 44 PPS ELECT CCNT 

SHiiTTia POTAPV 

^huMEB spC«OS 1/P2.S TO 1/500 SEC 

*||H 14 H« HAGA/INE 

lt\- 2SHH. P/1.4 

4F«Uu*ir'N 21* L/H** IN Alls. ISO L/HP AbA4 

F|l«* LAPAClfT 1»C FT TmIN Bb SF 

CIN4-A BEAULIEU COPP 44-I44 41000 112 

Cr.NCl^AATICN NFSCh/cDDSF EQUIP 

'■»FaAT|-N h3C€ VAAIABCE fpahE PATf GB SINT.LE 

aBBaf BUCS! 0P4PATICN UNOfP 
• IHOTE CON^BOl 

!PcF.1 I TC 44 PPAHfS/«EC iVABiAPLri 

«ILH SUE 14 PN 

LENS C tKUAT cfNI Sv!*!# 

aiCP CAPACITV YAPIOUl PILP NA6A2INES 
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4ftf00 riMC COOf CENEKATOD AMO OISPIAV APA32 11 111 

4«A500 

4«tS00 ACCLHiATf PPEOuFMCr* TIME ImTEPVAL AND T|*E RFFPING CAPAAIUTIES, 

441500 

448500 OUTPUTS IOC , 1 phZ » 5 

448530 ACCUPACT ^F“10 PAATS PEP OAT 

448500 

CATATPOM VTISO t1220 

SEPIAt. CODE CAPA8UITV UP TO 5 

PUtSF PATES lOOOflOJtlO AND 1 PPS 

ACCUPACV*.*.. * iO MICAOSECS PE» DAV 

CATATPOM P3C10 AT940 111 

CmammEL $••••••*••■■■•«•••••••••■ 32 

TIMING 5 NAMOSFCS TO 5 MICPCSECS 

ACCUPACT 5F-T PAP T S PF« DAT 

OATATPON *3350 A1020 111 

INPUT FBEOUENCV AChZ 

OUTPUTS visual* BC'l 

OISPLAT,.*,, * HPStMlN* SFC 

401002 PCMOTE SENSING PLATFOPM CrNTBDl AP63! Ill'*- 

401002 

401002 lUV NOPMAL INCIDENCE SPEC^Pn-E Tf P CCN^PQL AP834 11114 

403002 

401002 UV-VIS-NIP SCANNING SPECTPQME TfP CONTACL AP835 llll* 

401002 

401002 HIGH PESOlUriON FOUPIEP SMIB SPf C TBO“E TFP CONTPQL AP836 1 1114 

401002 

401002 CPVOGENIC IP FOUPIFP SPECTBOMETE* CCNTPQL APBIT llll4 

401002 

401002 IP PAOIOMETEP CONTPOL APP38 IH14 

401002 

401002 FA88E*PEPCT INTEPFEPOhETE A CONTROL AP834 11114 

401002 

401002 UV.VIS OOCUMENTAT ION CAXEPA CONTROL AP«4J 11114 

401002 

401002 ELECTROSTATIC AN4LT2EB CPNIPOL APp4l 11134 

401002 

401002 MAGNETIC ANALYZER CONTROL APB42 11134 

401002 

401002 REV-NFV particle detector CONTROl APB43 1I13‘ 

401002 

401002 TCTAL FNEOCV CETECtOP CONTRUL AP84*. 11134 

401002 

421010 LIOAR ANC C1M8AL PlATFOP** "ON I TQP AFA45 11134 

421010 

420021 TBANSMITTEP - 0.2 TO 2.0 “HZ AP901 Hill 

420021 

420021 VARIABLE RADIO FREOUENCv CFNEBATICN AND TP ANSMI SSI CN. 

420021 

420021 FIEOViENCV 9ANDWIDTF 0.2 TO 2.0 M*<Z 

420021 TpaksmITTep pOmEP 10 kn 

420021 

ATCIA C3PP/VECT0R OlV AT-IC2-TV A3480 121 

TYPE * UhF video ta*KS»friFF 

FPCOUENCY RESPONSE IC hZ TD 6 “Mf ♦ /- I,* DB 

DEVIATION SENSITIVITY ♦ t "hZ/VCIT p**S 

BF POWEP OUTPUT 2 BATTS 1 50 CH*t lOAOl 

A20020 TPASS«|TTeb - 2.0 TO <0.3 ‘•♦^Z ap« 02 lllll 

420020 

420020 VABMBLE BADIO FBEOuENCV CENFBATICN and TbanSbISSION. 

420020 

620020 FBEOI'ENCy BANDbIOTF 2.C TQ 20.0 >^Z 

420020 TRAN^bITTEB PQwER 10 *N 

420020 

420053 TPANSMITTER - 0.1 TO 200 *■**! APOQl lllll 

420050 

420050 VAPIAPlE PAOIG FBEOUENCV CINEBAT|CN AND fP ANS"! SSI CN. 

A2005C 

420050 FBEOUENCV PANOmIOTF 0.3 TQ 200.0 bMZ 

420050 TRANSNITTEP POmEP 1.0 MW 

420050 


4T0IN CO. 

WATTS 

FOWE" OUTPUT 
POOULAllCN type 
fPfO.PFSPONSF 

AvniN CORO. VECTQB G|V. 
TVPF 

FPEO. PF4anmst 
CCVlATION sensitivity 
PF POWf* OUTPUT 


TICES S4100 

BIS rand I 

■ hATTS«**IN. IW/50 CHB LOAC 

F" 

DC TC 500MMZ */-l.5DB 

T-102-TV $3440 

UhF video TPANS"|TT£B 
lOMZ TO 4«M"Z ♦/-1.50B 
♦2-6MHZ/VOLT AMS 
2 WA TTSI 40 CMP ICAOI 


420022 ELECTBQSr ATIC wAvE TPANS“ITTEt AP«04 11 

4 20022 

21RR00 CCUPLF* - ANTfSSA 10.2 TO 2.0 mm/ | AP9QR II 

21PR03 

21R900 ANTfNNA Tp TPANSMITTEB INTFBrACE ALLOWING FOB -INIMU* PF iCSS. 
21PR03 

214R00 FPfOuFNCV aANDMlOTF 0.2 TC 2.0 *hZ 
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n««oo 

CfilPv.re - ASMNS* <}*C Til ?»,!> •'Mil SP9I3 Hill 

flMOO 

fltfOO AKTfShA TiANS^ITTee |f4^BSsCE ALlf;».|^C PCS LCSS. 

ai9«oo 

|l««00 rsCQiirNrv rANCelOT»- ipQ TO /C.3 **Hi 

llt%00 

Il«fOO CCUPlE* * AisTfMSA (0*3 TO 200 R*«M *P«ll Hill 

2l«400 

21M00 AATfHM Tn T<lA*(|«(tTTM IPlTIIPACI ALI.OMl*SG SOI «INI«U«« M LCS3. 
21M00 

21*100 sMCuEHCt IANCalOT^ C.3 TO 200 Ih/ 

21**00 

OODCO •AN0M3S StLTfl • WAVE ANAcTSlS AM12 2IIH 

00330J 

001500 C!T|«win 4T fO* OS MtOUESCt AWO AwPlHuCE INSCIwaTICN aBCUI TmI 


OOlSOO r.AIPIEI ANC SICEAANOS. 
001100 


001100 attenuatinn 

■ • • . . TS OB 

oAiinn arruBirv ..... ........ 


doiioo 


• OCUANC CO»P slOAEf-Ol *20?* 

SlEOUfKCV AASCf O.Cl Hi TO HI AMi 

SHOuIKCt ACCUIACV */- 2t 

IA3S BANO GAIH 0 QI 20 0* 

attenuation SinPf AB CB/OCTAVE 

MCN-MlTf 05A2A 12)00 

SKFOUENCT AANGI O.CO) TO M.A AHl 

MEGuEnTt ACCulACv 71 

SANC OAtN 0 D* 01 20 

attenuation SlCIC AB OE/OCT 

AAi attenuation 10 D| 

SiCN*H|TE ■ilASA *1*30 

MEOufNCV irSAONAE O.Ol TO **• * AHl 

SlEOUfNCV ACCUIACV • /- 21 

EANC PASS CAIN •••••••«••«••*••• 0 n QI 20 0* 

ATTENUATION SLCIfe AS OS /DC T 

AAA ATTENUATION *0 0* 

CENEIAl iadIO *l«52 *10*S 

MIQUENCV AASCE A Mi TO *0 Ah/ 

attenuation IATI 10 OS/OCT 

CAIN 0 OB QI -20 06 


<tCN-..|Tt ellO! Ill 

SIEOUFNCV lANG* to Hi TO 5 

ATTFNUATIQN StOSE 2 a QB/OCT 


*««0 


IT*9C0 SCLSE rAVI ANALTit*' 
IT*900 

IChOE ANO SCHiiAli 

SHEOuENCT SAKGE .. 

SSNS|TIVIT» 


C*W* NOOff 


«iis I lOC«fllt.32) 111 
* AHi TO 1.1 HHi 
< 0.9 MICiQVOiT 


4S*11 

• «ss 


HI H 
111 


ff^Teruu IM" slLf IfLUG-lN UN|T| *1100 111 

SlfQUENCY IANCE SC Hi TO I HHi 

CESLfcriON sactoi I wv/c* TO too V/C> 

HEWLETT SACaAIC Blf*OA/lf*AA |A*2a HI 

EIEOUENCV lANr.E 2C Mi TO *2 0 <H/ 

SlEQUfNCV ACCUIACV */-ll Hi « TIME BASE ACCuHCvl 

SOI 20 Hi TO *2 KMi BAND 
• /-lie Hi * TIME BASE ACCulACTI 
SOI SOS Hi TO *20 AHi BAND 

SIfOuCNCV IEIQLUTION 1 »>1 /m|nO* OlV 120 Hi TC *2SHil 

10 hI/MINQI SIv fSOO Hi.*20KH{f 

AMSLITuOE IANGI 1 MICBOVOLT to 10 VSI.l* lAAGfS 

BANOhICTh SSfCIMEC 10. 100. lOOO. 1100 Hf 

SwEES sates )• 10* too* 1000. 1100 Hi/S 

aAS Sweep time *20 S */- Iff 


HEWLETT SACAiiP 

MESuENCt AASGE 


• H2A *A2TS HI 

I BHi VO IS WMt IN IS CVEILAS- 

SING SANOS, 200 «-i CVfBLAS 

EIEOUENCV ACruiACT * ♦/•UOHi * T|Hf«SASE ACCUIACVl 

AMSUTuOf IANCE -*T OBW TO 21 OB* ES SJ-ISO Ohs 

-ICT OIH T'3 1) C*H *00 CHS 


Aseiw 


SHll 


21**00 SATC- panel 
21**0J 

21**00 iNTfiSAfE C'INNECTIJN* 0* VAKICUS ■* IECI|VE*S w|Th SILECTED TfST 
21**00 EQUIPMENT EOS WAVE ANALYSIS. 

21*100 

TIOmSTEI me. iJSl-Sl ITS 111 

VAStOUS SHE PATCH PANELS. JACKS ANC »LXS AM AVAlLANLf 
MOM riOMPiTEI. catalog SHOULD BE CCNIUtTIO SOB BBECISIC 
application. lEVlEw INDICATES iTfMS COULD BE tSEO OIMCTIV 
IN SPACE 


AP*IS 


21 H I 
HI 


00*1*0 ASlilEUSS - sAvE analysis 
00*lB0 

SFslETT PACNilO »«<1A MBO 

EIEOuEtCV sanC.E I KHi TO ISO *Mi 

EifUUENCv SISSUNSE ♦/- I 01 l*TO SO OmM LOAD 

CAIN AT SSO *0 OB • /- O.K 0* Cl 20 •/- 1 0* 

SAI input I V IMS o» 2 V P-P PllSE 


TENNIlEC ITC 2C2/2C1 IlM/SMS 

CAIN 7*^ TO 1C00I 

ACN LlNEAMTV LESS THAN O.OSB 

CONIIGuBATION *|M compatible 


111 
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«OHOE AHO SCHWAB Z SATK I lOO.OlBB* 02» 111 

fBfQUfNCV BAWCE hZ TO ZO kh| 

IMBUT VOLTAGE 0.2S - VOL I S 

MAX BOVEB * SO trATTS 

BISEABCh INC BlllZ-ll-ir SI200 111 

capacity ID 31 PAIRS Of StG hfBES <IAGA» 

PE^EHENCE TCWP HEAT SiNA CCNTBOLLEO To »/- .08 

HEC C A! 6S OEG C 

ambient temp 0 TC aB OEO C 

LEAKAGE PESISTANCE ............. 1000 Mfr. Ohm 

heat-up time FAOM 22 OEG C 50 MINUTES 

settling time 8 MS TO PINAL VALLE 

hONEtwELL aACCUCATA U7 1 1 lAQ lit 

multichannel WlOEflANO AMPLIFIER 

channels* * T 

MOUNT BENCH 

HCNCTwELL AACCUDaTj 115 iSSTO III 

TiCH voltage CC amplifieb 

INPUT signal VOLTAGE */-50Mv TO ISOOV 

CUTPUT SIGNAL VOLTAGE UP To 2O0CV 

CHANNELS. 

NEEF P122-222 iSia III 

CAIN I TC 2500 

COMMCN HOOE pEJECTION. IaoGE 

OP IF T 0. SMICPOVOL I/OC 

STEP gain ACCupaCv */-O.Oll 

spitcm selectable F ILTFB 

EANOmIOTh... lOOAHZ 

PACA/MOCULE MOUNT 

NEFF fll26’E21 «J20 1.1 

AMPLIHEP MUlTlMLExfP 
employes FFT SMITCH 

GAIN BANGE. .. . .. 0.2 TO 25CO 

COMMON mode B eject ion 12C0F 

CUTPUT. •/-lOV AT IC pILLIApPESES 

NEFF *127-102 

PBOGBAMMABLE gain mITh SpITCh SELECTABLE OUTPUT FILTEB 

CAIN STEFS 1« 2« 5. 10. 20. 50. IJO. 200. 

5CC. lOOC 

CCMMCN MOCE BEJECTICN IAC06 

FET SWITCHING 
BACL/MQCULE CONP ICUPATION 

TfNNELEC eTCllJ t?B5 U1 

FET PBEAMPllFlEP 

CHABGE SENSITIVITY.. 10E12 V0LTS/CQUIC"A 

input negative input pulse polapity 

m|Th input capacitance >2000PP 

CUTPUT POSITIVE OUTPUT PULSE PCLABITV 

►ith Output impedance eq cmp 
stability. C.5I/V 

181000 FBEOUtNCv SynTmESIZEB - nave analysis apbu 21111 

181000 

laiOOO TBANSlATION of a staple FPEOuENCY of a PAECISE STANOABO TC ANY OF 
181000 A SCLFCTID INVEST ICAT |0N •EOUIBFMENT, 

181000 

IIIOOO FPEOUENCY BANPMlOtH DC TO 13 hh; |N 5 MANGES 

181000 FBEOUENCY PESOLUTICN 0.01 TO ID rh/ 

IBIOOO FBEOUENCY STABILITY .......... lE-QT PARTS PEP CAY 

IIIOOO 

GENFMAl BAniO *IU3-A(i?c »*B90 111 

OUTPUT FBEOUENCY BANGE 30N/ TQ 12phZ 

smallest step JH/ 


• OmOE and SCh»AB/ *SmCh I IOC. aaTI . S2I *21585 

FBEOUENCY mange 0 TO 50 mhZ 

OUTPUT level O.l MICROVOLT TO 2.5 VOLTS 


111 




O* 


MEmLETT PACmABO P1320P m|Tm OPTION *31*5 111 

FBEOUENCY mange 0.01 nt TO 13 MhZ IN T RANGES 

•ANGES 10 MHZ. 1000 nh2, 100 pm/, 10 

KHZ, 1000 HZ. 100 HZt 10 HZ 

FBEOUENCY STABILITY 10 IN IE*4 CF SEtT|NG/TEAR 

FBEOUENCY RESPONSE 0.05 OB 10 h| To 11 "hZ 

AMPtlTUOl BANG! k/A.MM OBM TO -AB.Mf CB* INTO 

50 OHMS 

MAVfTfM PIE/ *8*5 111 

fANOMlOTH 0.00001 H/ TO 30 ^*1 

CUTPUT 80 Of aTTENUTICN/IQ 01 STEPS 

10 V P-P INTO 50 Oh*S 

CC OFFSET 5 volts INTC 50 CM*S 

stability •/- O.OM/IC min. ./- O.lft/tA 

hOumS 

SINCEB paAOC AaOOC-5000 111 

FBfOUlNCY mange.... ICCKM/ TO IPGhZ 

FOMt* OUTPUT...... UP TO IQOMW 

PLUG-INS. 13 fob VAlIOtS OLTPUT PANGfS 

RLUG-INS COST 12 tq ]ooq IACh 
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jfM<u.i«» '-I' r- I .f. ill 

fkliumrv -esfi nc »r so “«/ 

0*01 **f 

S»u«iuuS > IOC nr iNON^HeaecMt.^ i 

> 10 01 iMAttKimcsi 

SlGNtL*Tn-PHest sctsi lATio •«.. > «e o» 

PPfOulNCt sreiuirv xoui) AVAueeii 


40100 Z P<tN %CCP A CO^^bGl 
*01002 

*03002 tlATeo*** * C 0 ST«C 1 i 

*03002 

*01002 ***!*• *r(n e coNTAQi 
*03002 

*03002 *L|(.S*'«ST 1 v C 0 HT»f;t 
*01007 

* 03 CJ 2 r,l»'t*eilrC PiATf^e- f'^N'inis 
*03CO7 

*31002 SP •"C* CUSTkRl 
*03007 

*03002 Arc* A Pc;-€* su»pir e tata *vs woktacl 
*03002 

*03002 ACQH A *AA 0 €T CGMiTiiQc 
•03002 

*03002 ACClL-nfCH. CnSTA-St 
*03002 

*03002 0 I 3 ChA*C* PtLAHfST hlATfif crNTILl 
*0*007 

*03002 nisc«A*(e *jii*n*L clnt*u 
*01002 

*03302 ^toutsu », NlrKt lING’H Cf*‘t*rL 

*03002 

*03002 OA' iHfCMJN t P*e*SUAh tONTHU 
*03002 

*01002 NtuiAALiftA *pissiui>i r -lAi Cu*r*CL 
*03002 

*01002 CP**G 2 MChascC C**ANA.|l ACTUK* CC* 1 *ri 
*01001 

*01002 pfAH ruAerNT *o*fTr* 

•01002 

*03002 tlPC^Pn* A^AII VlltAClt CUtAfNT »'f*fiA CnK**PC 
*03002 

AC 1002 IIK.’AM* *F*» P.reiT irNr.*»* L MArsiYuOr CO*TP'il 
*01002 

*01007 flfcrt':* ifAM (k»AN3iiA USA ccs**ri 
*01002 

*03002 tUCTA'lN PfA** CwAPlNP OPM TO* 

•01002 

*03002 P*A«f. ASOlI* r*JA«IS* PUMM* 

*01002 

*01002 <*Ap APC voitaup iFvPL co*p«ri 
*01002 

*03007 A*r. *»)P*f riji*mt nii*ATir s nj***ri 
*03002 

*03092 PPr> APC PilLAf AfOUCNCP 
*03002 

*03002 "Pn APC P(*N CU**fNT MO*IT 0 * 

*03002 

*01002 gas SClCCTION f. PPA«SU*» CnAlTifH 
*03002 

*01002 3 P^f* 2 C*l tos p* 0 *( CruTifK 
*01002 

• 01002 CniSO*ICAl lOS P* 3 *p COAiTPDl 
*03002 

*01002 PlASAP tUCTtOS PP.'II cosreni 
*01002 

*01002 IfOMAsTfC PLAN** PA3*i CrSTACl 
•Oloot 

• 01032 0 ("« SAT, imrPU*«fST CONTPOl I IPISC 

*01002 

*03002 n«», SAT ijpfTirs •*€C*-asis*‘ cr.sTict 
*01002 

*03002 vOtTAGI 3U*Pl» CPATifl 

*01002 

• 03002 •'jrj-fTth A-PUMEt-s rrsTAii 
*03002 

*01002 Tv \y% rrsTtri - ihaoi is^iniimpp control 
*91002 

*01032 CANSIATP* IjPC^I-'S fOS^PCl 
*01002 

*03002 PAJjfCTUf CA'MA COSTPfX 
*01002 

*03002 CASNISTf* «A 0 S!P^A 
•03002 

A 0300 I $»>AP |0 C-*Air,| fjfCTIO* C 01 TAGL 
*01002 

*OK 02 iPAPfD (»<**«l •OS HOP 
*01002 

*33001 AjirTics crsTAOt 

*01002 

* 0?002 CAS C<"STPCl Avs**« 

•010C2 


AP*]T 

nil* 

iP*l* 

ni 3 « 

AP*1« 

line 

A PC 23 

111 )- 

AP*2l 

iin- 


11 1 •- 

A a*# 21 

1 1 ; 

Ai»«2*. 

mis 

AP«2S 

line 

APC2f 

111 JC 

Al* 2 T 

n ns 

4 rV 2 A 

1 m- 

i»*c 2 '» 

n ns 

Ar <>)3 

III *s 

AF«M 

mss 

APC12 

mis 

APC n 

m Is 

APC Sc 

Ill's 

APC3S 

111 is 

AP«3* 

mis 

apctt 

ms* 

APfll 

mis 

A PCI* 

iins 

A***0 

m)s 

AP**l 

mis 

AP**2 

i ms 

APSO 

1 Ills 

AP**4 

nils 

APA4S 

111 is 

AP*S0 

III Ss 

Af*S* 

mis 

AP**C 

1113s 

AP**1 

m is 

1PC62 

lit IS 

*P**1 

111 IS 

AP*AC 

m Is 

APC^S 

m IS 

AP«A4 

nils 

AP**T 

mis 

AP**I 

mis 

AP*** 

mis 

APC’O 

111 is 
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C4«Th OeSERVAT IONS 


meat TRANSEEA rate lA'i BTu/MB 154 MATTS ThERBAL » 

SAACEIAR COOLANT INLET TE>iR,..4BF ( 6C I 
CRL coolant OUTLET T EMR .*«*••. A5E I 7C I 

fCOOl til 


CAL COOLANT outlet T€»»? lOO^ I }*f » 

meat rate IES»I |TCI>T0/hA »A T ^ S TmERBAO 


ecoci 


fOOOl 


104200 NEAT CaChAN&ER ECnoi 

204200 

204200 EACHANCER TO TRANSRER HAT EPCN ClCUO PmySICS Hi TC ThF 
'204203 SRACELAB HEAT REJECTION SUBStSTEN 
204200 
204200 
204200 
204200 
204200 

209000 HEAT EXCHANGER 
209000 

209000 RROVtOF KIT ELUIO TO CRL 
209000 
209000 
209000 
209000 

410000 RESERVOIR 
4100C0 

410000 STORES CrOLANT. 

410000 
419900 RL«R 
419900 

419900 RL»P CCOLANT |N CRL COOLANT Su"STSTE«* 

419900 
419900 
419900 
419900 

4RTOOO TEhRERATURE CONTROLLER CrOOl 

4BT000 

4BTOCO CCNTR0L5 COTLANT TEHRERATuRc TO CCNTROl CmANAER mALL Tf-PS 
417000 
4iT000 
417000 
4BT000 

lOtAOO CRTOCENlC COOLER ASSfRRLV HOOl 

lORAOO 

10S603 RROVIPE LOm TInRERATuRE hTAT SIN4 TQ EARERIMts? CHA**xfR< 
10B400 
1QB400 
10B400 
10B400 

414900 temperature SENSORS 
414900 

414900 REASJRE COOLANT TEMPERATURES 
414900 
414900 
414900 
414900 

IRCCS •SE6IFS 90 

RESOLUTION 0.1 OEG F 

T/C TTPE IRON/CHNSTANTAN - T*Pf J 

CmRCmEl- AlumE I - T?PE ■ 
COPPER-CONSTANTAN - TVPF T 

range IRESRECTIvELT I -30 TO 1400 OEG > 

-30 ^0 14Q4 nfc« 

-100 Tn 400 DEG F 


ELQm RATE 4EST) 4aLRS/»«R I300CC/*INI 

hEAOIESTI 1 PSI I6.9E03 N/H2) 


TEMRcRATiRE RANGE -T(- TC 104^ |-40 TO «>OCl 

ACCURACY •/-0.2F lO.lCl 


maximum temperature..... *-T 6E I-40C) 

HEAT SINA CAPACITyIESTI lOOORIU I 2 RQm TmERma,^I 


ECOOl 


operating temperature range. ..-T ft TQ 1Q4F | -40 ’0 4QC I 

ACCURACY • /-O. C2F ( * /- 0. OIC » 

>12U0 


BLH Electronics 

cperaying range. 


• SULLF TIN 204 OP 207 
-IJC to 20JF 


CMTCA ENGINEFR ING^ INC . 
TfMP . range 
40 . ranges 

ACCURACY 
AFSPONSt time 
length extent, leads 


MnnFt iT-ioc A?o4 

-100 Tl*lTSr 

4 

1C 

I SFC. 

UP TO 1900 E T. 


tONliO CAT NISRIAY FQOOl 11111 

104)10 

1041BO RROVIOES display CAPABILIYt INCLUDING ALPhanumE A |C S* DYNAMIC AND 
104LBO 0EELECTI9 N AND VIDEO AmPlIEIERS ANO REOUIAEO pCmFR SgFFlIES. 
1041BO 

research INC R13CC A199C 


format 


. . ^ .^4 IINFLI40 rMAPXrTFPL 


12 LIMSXT2 OR P2 C»*ARACTfRS 

PEARi Sh PATf 

transfer rate 

.110 *0 2400 RAuO 

Character pqpm 

.9x7 DOT NA TP ) A 

cimens icns 


mE IGhT 

t34LP IIY.TkGI 

PUAiFR-RAMO CORP R22IT- 

TmARACTFA capacity IMAXI 

12CRT *090 

440 

«C 

24 

Char ACT ER S/L INE 1 ma X 1 

L INf SFOI^Pl AT |MAi) ............. 

c*«arac*ers repertqipf 

t2 OA 42 
i. T9 X 4.29 

ft 4. iftftHf ft./ccr 

VIFmING area 

ft ft t ( 1 *4 ft* ■ ft 

CHAAACtfR generating ■ETmO'' ... 

? OQT H4 ft 1 ft 
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r'atiLSU isr •*SO/*/O21-C0»l-0O/ Ml 

0?»-00»*-CCM*01/ 

- 51 

fO*N4r |« L(Nf&-A) M T *L 1C ChAA. 

I LIKI- M CMA» 5CAATCM AAfA 

CMAAACTFA UAA|A/tOaCA ChAB lASCin 

CmabaCVI* Sl/f TO I 90 MU5 

CmAAACTIR CINIRAT lOtn 1 A « OOT »AfAlN 

CulS'^A RUCSATtNC ^ I A «ATaix 

CAAOhIC 1N*uf ««0C€ IC2AII) X lOiAlvi AnO»E^SAAc£* 

tO?A(XI I *AIIVI VlftoAALf AT^; 
4 Cx 5T|C» CCNTtriLF'^, C^CSl-"!!** 

c«i® sr». 

tOAlA.1 OICITAI Vl&uAl DISAlAT *. I 3 1 11)11 

lOalAO 

lOAlA^ r>IS»LAV KUMfAir TATA 
UalA J 

1:P«1 ALAMBMiinrB IC vAvAOAAC MilJl ll'.ll 

I - I 

1. I .41 AL13*5 raffc'^AN TO CQMMoAilCArp air>' 'isn Ak** ► a 

I I )« I kAV54 |«tfNT rCNTACl A*lO CATA ASAlTin 

10114J 

101143 «*T"OABO.*t. .tVAfVAITCA Tv»lE 

10U4J INTFRAACF CCSC«IAT|C*i.,. OIA|TAi*12-9|f HfAQ 

I0l'43 

ay»Rr4*«APr CQAA t220r 1440 Hi 

»*vi TTPfaAMfA f4f *rr. 

ab'igba* assist rIvS la 

...» ctT 

*0riKu 4tTh ((Ai. Af T 

S2TJ00 IClTNOIO VA..V(S £<UJl UlU! 

92TOCO 

ALTfcx <iC|Sf |4AC *2C0 n I 

VAami4 r^faiCACLT iSfBT PITTl^r.S ASO ¥AlVfS 

TuRlVC «4 -112/lCAT 

VALVAS A44 -ati 

1«U*1T|lN VALVFS MIT -tl*0 

S 2 T 000 rc^'Ai.i >Lutn 
flTOCO 

S2T0C0 AT]*^r. VAivI FC331 ?ll?l 

92T000 

52T0C0 ACJiiM iioin fna 
I2T0C0 

AL* t >r u^t|f 1C t2ce III 

yAAlriuS C»F*lCAi.iV ISiat »|TT|NiM aa.0 val¥IS 

ruOlNO.... 44 • 112/1041 

VALVFS 44) - A4t 

l«.jrCTlO*i ¥ALVfS«« *114 • «l40 

52TOOJ AtASSiiiF aFCniATOtS *001' 41121 

92TOCO 

42TQ30 AAA4SUAF afGUlAfliyC VAIVI •d* GASIOtS MF S Silt I f A T I C4i SufSTSIf** 
f2T000 

I2T0C0 AfGUlATlON aAKiCf I.T TO 14. T BSIA<140 TC Ta3lC«AI 

S2T000 upSTafaa aa(SSO«ei(STt 20 atl M.4AC4 N/4|l 

42T003 

CAAK l>«5TtU«CHTS INC aa44« |T2 Ml 

• FGUiATfO tAfSSUif 0 TO BO PSIU 

SOutCC AAlSSoar U4 TC 1000 ASIG 

■ FGUIATION O.lt 

42TOOO ASFSSUAf ACGuiATOa U002 11121 

4JT0C0 

42T000 VAlVf AFCUtAT|*«C SuAAlT ABfSSUtt 
42TOOO 

f}T300 AEGiiLlTfOi AAf SSuAltf Sri |3 ASI ll.4|04 H/n}! 

9/TOCO «AX UBSTBFAB ABCSSUAT *100 ASt «2.1 lOA kiyi'21 

42T0OO 

CABtl |*4ST4U«lNt4 INC «BT14 |T2 111 

AtfSSl.41 3 TO »SI . 

*QoACl PKfSSuBl JP TO 1330 PM . 

A* irs • /- c.if 

A4.TI* SCIfMfPic P2CC III 

VlPIOuS C*^I»ICAILT iNfBT A|M|»CS ANO RALTfS 

TuPldG 44 - 412/104T 

VAiVfS 445 - til 

IS/CCT|04 yALVCS 4111 - M*J 

42TOOO SfLfsnn VAl¥f< 10002 11 112 1 

I2T3C0 

AkT|K SC UKT If tC BfOO 1 1 I 

VAtlOul CMfUICALLT 1N|»T PtTt|kiCS AHC VAkt^S 

TulldC A4 . AII/IOAT 

TAi.¥fS 441 - Atl 

rSJ>lTir*t ¥A(yF< 4114 • 4140 

4.'T| uJ GAS i-uT'"F» ¥*|ylS 
521JC3 

Ai»»> .ciis*i»ir ./cc 111 

viar 14 t-flCAUV IMPT »|T1|^f.« AHC VAtil4 

*OP|M. 44 . 412/10*1 

»Aiy»4 441 - 441 

isjirrin*! talvii ah* • 4149 
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*04900 

*09900 cr-oc CCHVliTf* CvOlTtCF CO«iriOtLFO OCJ EC009 IIIIL 

409900 

400100 ccNvitrs so4Cft*o »o*f* to voltaci uitOLr ov fLfCT*ic*i mfic 

401900 Gi^eOiTINC CO»*4aM|NTl 

409100 

401900 INPUT OC 

409100 OUTPUT VQLTACC.*.*c. TOO 

409900 

409900 CC-OC CCNVfOTM llO* PtfOUiNCV AC 1 tCOOk IIIU 

409900 

409900 CCNVfAT »OM|P INTO USAOlf AHA* FOP fklCTPlC T|ftP CINfAATfHf 

409900 CAPACIfOt 

409900 

409900 AAfOUfNCT TC lOOMf 

*09903 M*Vl S»*APC.. SOuAif 

*09900 ANPUTuOf TO 9000 

*09900 

409009 lUCTlIC FIILO CONTtOUl* IC009 I I lU 

409009 

409009 PPOViDf CONTtOt Aci»«CT ION *C* flfC^lfC PlllO GINtPATUA. CCNTlClli* 

409009 9UPP0AT IOTm AC AND ^C POnI* SUPPUtI 

409009 

oojuo acoustical cinp«atoi iocu inn 

oomo 

oomo VAtlAPLl AAfUUENCV AoCIO QilVfiS tSCO TQ POSITION AND CCNTPCL 
001113 NATii OPCPtfTS 3P 1C! PAPT|CLli IN EACH OP ThPIE •uTuALL» 

009110 PEPPENOiruiAP AvtS. EACH QPIVEp CAN If CQNTPCLLlD tNCEPEFOE** Lv 
001110 IN FifOuENCV ANO amplitude 

oomo 

oomo ppfotifNCT c TP iop»iF 

oomo ANPLtruOE TO TPO OP 

oomo 

EDO *eS*!PN CQPP P*t9 il«l4U 111 

FtnuENCT T 01 1.9 

ACCiSTtC level ICT Of 

(|A« aICTm 1C 0C0APP5 

oomo tpansoucep « acoustical loon 2^1111 

oomo 

OOlilO PEASjPf SOUND intensity LlVfi 
OOUIO 

OOirO intensity level C Trt tpo 0* 

00S210 

PAMAN C3AP *kM-1*00 *10*9 11* 

PANCI u:-lt3 3* 

•PEOUINCV PESP3NSE 3-10 *h| 

004110 APPLIEIEP - ACOUSTIC CENIPATOP UC1> iri!i 

0041IO 

004140 APPLIEY SIGNAL TQ ACSuSTIC GSNEPATQP 
004140 

004110 *9* 

004190 

IJTOOO LASfP toon mil 

22TOOO 

22T300 P0LAPI2EC* COLLIpaTEC L IChT SOuPCE USfC PO* PAPTIClf h|AT|NC PNO 
22TOOJ action CONTPOL as fcECL AS TO *SlftS OP’ICAl SCATTfPING PPCPEPTIA! 
22TOOO 3A ICE CPySTALK 
22T000 

SylvANIA ElECTPONICS P4*P AlQtUOO 

OUTPUT... 9 MATTS AT lO.A pICPC^S 

PPIOWINCV STAIIlITY < 19 MM2 APTfP 1/2 HP fcAPA- 

UP« 0VE4 SIVfPAL hClPS 
amplitude STAPIlITy t»< 9 I 

2TIPI IMEAOI. *0191 PVP SALT 

hOLCIEAP ISC PISE IllOOO 119 

0.91 OP 1.04 MtC*C*S 

•OOE "U.TI OP T|m«. 

C» PCaFI TO 9C aATTS 

INTCPNAMrSAL LASEP SYJTImS •SP-21C MVObO 112 

TYPE aOTaTING hais* C-S»ITC-fC C* 

PXAfLS CELL D*S-|TCHfO 

pAYElInGTh I.CP MICPONS 

PULSE fNEPGY 100 CP 190 mj mIN 

PEPfTITION PATE UP TC tO PPS 

SVLVINIA ElICTO-CPT ICS OPG. P4*l llOOuO 111 

CuTPuT aAVELENC^H IC.A MICPONS 

pCmIp Output I matti minimum 

MOPE PuPITV. TIM-000. single pIEOUENCY 

EBAm CIAMETEP. 4 

P|A« 01VE46INCE 9 44A0 EAL AMCCE 

lEAM POiAttlATION VEITtCALLV 

SIEE I mEIGHT 

pImEP Supply it R 9.29 R|4 IN. *0 lIS 

POnEP input, HIV. 40P«2 AT 400VA 

rr-ciNC C.29 CPM. MATI4 

mLLCEEAM ISC *299 IIOCOO Hi 

0.91 OP l.OA MICPCNS 

MT'^I **ULT| 0* TfM.. 

Cm PCiilP TO 29 «A*T| 
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r.ENMii *uTri»4Tio*. I'iC. *Si*C-u Ul 

** f **0® T 1 1 ^ 

IESCTm t •«l Tl 

CTLLf T1»C 2«U XldOSCC 

STQ«EO IKECUTION «ATE .. 0.2SI*0»/SEC 

I/O TtANSEEi lATE O.AA|*0«/SCC 

■ fCISrcIS » 12 IIT ■rGtlT*«S 

iCCwl«*UttTQK$ A 12 IIT 

C4TA Cfsetu CO»* ANOVA UCC 

»ntO LfNCTH lA HIT 

Cvr(.E riMf 1200 tiASO^EC. 

CQAI itFMOAT 12< "Al. 

digital EOUtVMfNT cot* tPOA^A/E A22000 lU 

*‘E*4[iAV 40«A(C3AEIF lAANDAHlA TO 

TJ.TAH MOiOS 

■0*0 12 HIT 

cvcif time 1,9 MlCAQSeC. 

r»«:c*iS3..... oFC'OiTcaii ,0T2 afADS stcaagh 

magnetic TA#F, TAHt HfACf*. 

TA»E HUNCH, CAtO HCUlH« LtNf 
HIINTIA, a/0 C 0/a CCNVfHT., 

C«T OllHtAtr 

A2A000 TIHf AECCHOEA ECOlO Itlll 

A2A000 

A2AOOO AECnnO Data ON NAGNfTIC TAH| 

A24000 

424000 HIT HATE 

42400J STOHaGE CAHACITv •..,«3«9ECni rs 

424000 

AmAcA CkJAPnaATION AAA-2CC 121 

EANOalOTM lOO h 2 TO 1129 a; T**hCUGm 

300 HI to 290 kh| 

tape »10Tm 0.9 INCH 

TAPr s»EEO 1.9T9 TO AO 1*5 

• EMAOINC time • HINUTEl TO 4 HAS ANC lA -INS 

POA*«AT digital 

TAACKS • DIGlTALt T ANAlCG 

AMHfk C>)HP AAt ITCO III <000 IW 

TAACkS 14 

TaHc speed 120 IPS 

▼ APE mICTh 1 INCH 

AEoriNG 

PACKING density 2C Al/I/T 

SlGSAl/sntSI 20 01 

data capacity A,2I*10 BITS 

fcANDNiDTN 2 MH/SEC/T 

TAPE length 9200 FEET 

SANCAMr ELPCTAfC aSABEI III 121,900 111 

TAACpS 14 

tape width 1 IN 

TAPE SPEEOl • tlLEC*AlLS IHflOS EACp 19/i« 

TO 120 IPS 

MEOUENCY AfIPONSE AQO H2 TO 2*0 PHf 

■ ICOIDINC AATE 100 HIPS At 120IPS SEPIAl mCDE 

HEIGHT 100 POUNDS 

Otai-OATA CCIPOIATICN AUCC I2A9C 111 

Tape speed 29, Il.Ti, ||,9 IPS 

TIAC4S T 01 9 TtAC« 

CAtA density lAOO CPI PHASE PNCOOfN 

2C0, 911. AOO CPI NI2I 

TAPE 0.9 INCH. 1.9 NIL, ItOO MET 

CICI-OATa COAPOPATION aIT00/P0P»U/T-9 19290 III 

TfACA NA2I 

TAPP SPEED 49, IT. 9, 29, II. t|, 12.9 IPS 

▼APE INCH, 1,9 nil. tiP/ANSl 

CCHPATIILE, 10.9 INCH iflL 
TAaChS T CP 9 

CA^A uissi^v Phase incooeo 

CONPATlilf 

HlHLfTT PACCAAO PTITQI/C I 4lOO 111 

▼ape acpma^ ICC, 999. OP 200 CPI 4A|i aaO 

lAOO CPI PhAII-ENCOOIC 

Channels t qa 9 

TAPE SPItO 10 TC 49 IPS 

tape 0,9 inch, 1.9 NILS. IIP/ANSI 

COPPATIiLf 

•OIG HAINIA tPEIT 121 

tpaCaS 30 

▼ API SPIED UP TO 1000 IPI 

TAPE »ICTh 1/2 INCH 

▼Ai^f length 2400 Pf|T 

PArMNr. density 19 a|/|/T 

Sr.NAL/NniSE 24 

C4^A C4PACI*V 1.IE*N 

EANDtelOtH A-19 hI/SEC/T 

LIAC*- **CCO Jll 

TPaC^S 12 

▼APf SPfEO 120 I^S 

tape wIOTh 1 INCH 

TAPE lENCTm, 9200 P||T 

PACaING Il.T Al/t/T 

IIONAL/NOISI It M 

OAYA capacity 

t ••/MC/T 
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HEWLETT psChaAD t)<.5«D SlOjJd til 

fMCwtDrv )C0 «H| 

CHANNELS f 

i«CO*niNC rO^NAT OIBECT Q* E« 

HEWLETT PACAAAO U^^TOO 111 

EANChIOTh ICC «H/ 

CHANNELS 1^ 

•ECaaoiNG EOaMAT Otafc^ C« E« 

HEWLETT PACSAtO •3<)SCA-Oll 9 flOO 111 

PANDatDTH see H/ TO 2 

CHANNELS lA 

aECoaoiKG popnat oiaect oa r« 

HEWLETT »ACWASO • 3SbCi / 1 SCftS A / 1 30A ) A HI 

CONE ICUBATION >AC« WCi^TEC 

TAPE SPEED IS. 9 AND T/fc« IS/I^ 1»S 

CHANNELS a 

aECoaniNG ^op«*at e» 

PASS band s AH/ 

S/N AAT 4« cn 

TBACAS * SC 

hCNEYWELL aSAOC »9TiO 

POtTABLE TAPE PtcnpnFB 

CHANNELS ^ 

selectable tape speed aaNGE IS/U TO ADIPS 

PAIIWUM BANOW IOThioIPECT ) 99CAH2 

PACpING density UP TC 600P8I 

WEIGHT., TOLBS I32KGI 

input VCLTAGE 20VOC 

HCNEYWELL ANA AIT420 

Channels. ^ 

SELECTAP.p tape speed PANGE..... IS/U TO ?401PS 
peel St2L. lAiN 

PAIINU* M..NDW IOTmIOIPECT I ?m m/ 

TAPE WIDTH 1/2 IN 

AHPEX COtP PAP TCC S2N.M0 Sll 

TPACKS l« 

tape SPEED 60 IPS 

TAPE width 1 INCH 

■ ECOaO "ODE DIPECT 

PAC« INC DENS ITY 2QKB/1/T 

SIGNAl/NOtSE * ZC OB 

CATA capacity BE*1C B|T< 

bandwidth I oP/SEC/T 

A03003 signal CONDITIONING FLECTPOMCS ECCIO lllll 

*03003 

*0)003 ELECTPCNICS SUPPCaT|NG DATA waNAGE“£NT SuBSYSTEh 
*01003 

NLS aSfaiES »-l »4J00 III 

ICCIJPACY ♦/-C.OaOtfAS 

EUNCTICNS DC volts. AC VOLTS. »ILUvCLTS. 

* nHWS ant aatic 

CCHHCN HOOF A EJECTION >13^0* 

HEWLETT PACbASD P*elA 1360 111 

ABEOUENCY BANGE I ah/ TO ISO "h / 

ABEOuENCY acspONSE I OB INTO SO Ohh lQAO 

CAIN AT «00 YH/ 43 OB ./• O.S DB OP 20 •/- I OB 

MAk INPUT I V PHS OP 2 V P-P PLLSE 

TENNELEC BTC 2C2/203 A3SS/49S til 

GAIN.. 2.S TO TODOi 

NON L INI AA |Tt . , . , LESS ThAN O.DSt 

CONA IGOBAT IDN. . .. N|W COMPATIBLE 

BOhOE ANC SCh«AB/ AATN « 1 00. Of**. 021 111 

AWEOuENCY PANGE 9C h] TO 20 ah/ 

INPUT voltage 0.2S - 2S vOlTS 

■Al PDwEP SO WATTS 

BCSlAtCH INC PB12-11-IT *3200 111 

capacity TO 33 PAIPS QA SIG wIPES llBGAt 

BEAEP'NCf TEHP heat S|n« CONTBOllEO TO •/- .OB 

DAG C AT »S Hfc c 

AWBIEST TF**P 0 TC 46 DEG C 

LEAkAGL bESISTANCE 1000 BCG 

►EAT-oP Tim ABOH 22 DEG t ..... SO PINUTES 
settling TI**C B NS fo AINAl VALUE 

hCNEYWELL PACCuOATA llT *1340 111 

•*ULT IChANNA L Ml Of BAND Ambl IE IE* 

CHANNELS. T 

POUNT PINCH 

hCNETmELL alCCUATA US ASITo 111 

HGh vClTaGC CC amplIAIEB 

Input signal vOltace * •z-sonv to isoov 

OUTPUT signal voltage U* tq 2Q3(}v 

channels A 

N|EE P122-222 A*10 til 

CAIN. t TC 2SOO 

common NriJC pEjECTIOn Iaoob 

CBIAT O.SPiCPOvOi T/JC 

step gain ACCuP ACy . . .. «/>0.01l 

Switch suectaple a ii if* 

EANOwIDTh. lOOPH/ 

baca/ncdulE Mr*>wT 
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III 

A**!*! |Mt>» 

f*<KUY|S PtT SMirCH 

r*tN ■ANCf a.t TO moo 

COiiXOiK Moot tfjECTIO** 12001 

OUT»UT */'lCV AT 10 HI LLtAM^F AES 

NIE# ■127-IC2 »IU0 

ptfnr.uAtiMAHr gain hith shitcn seiEctaplt output puteb 

CAIN steps 1, 2, s. 10, 20t 10. UQ. 200* 

see. loco 

CLHPCN PCCE PfjfCTtOh |ACO» 

PH S»|TfMlKC 
■ ACL/PrCULE rON«|&U«AT|0N 

tennelec tTCtii m 

Pf T PIEAMPL ip if* 

ChAPCE SiNStTIvlTv,,,,. 10EL2 VQlTS/COULO«C 

INPUT, NPOA*IVf INPUT PuSE PHLA*! Ty 

pith input capacitance >2U00PP 

ruTPuT POiiTiyt Output puise pclapity 

pith output iHPirANCi SO 

ST4Ml|Ty,,,, 0,lt/¥ 

1ATCG9 optical PAKTIClE COUNTfi EQOU 1I2>5 

lATOCO 

IATqoo T-IS OlWiCf PlU II A SIZE ANALT||P, Th| ANALTZIP tCSSIS^S Cf A 
SATOOO »hQT3HULT1PlIE«. AN AHPi 1 P { C A T ICN $TAQC 4N0 SUPPOP^ISO 
TPT:03 fllHP-DMCS 
IPTUUG 

lATOOO IPNSITlvP PAPANETCA UOhT KATTfpfO »pCP PAPTlClki 

IaTCOO paptiClI >J.) ■ICI0*1TPPS 

TPiPpr-STSTEMi INC picic iiOToo 111 

FAl^’lCLf SUING PANG! C0S2 tq i P|CtCN 

ClASSlPtCATTON *01 TO ,1 HlLCPCN 

sampling pate 1 LfTEPS/HiN 

CCUNTING cl ASSfMCATtCNS, 10 SUE CLASSES 

RPAOOUT CCMPATIIlE NITm 4u^ DAT4 A' SvS 

IITOOO 

JITSC3 NUCLEI PASS PONITOP St$T|p ECCIl II2J! 

IITIOO 

1ATS03 *HtS DEVICE PEASUPES Th* TQTAl PAPTICUlATE NASS PfP UNIT yCLUPf . 
IA7500 »*-P StSTfP OSES A CPVSTAL OSCILLATOP NMICn CHANGES ITS P£ SCNAN^ 
U7S00 PPEOUF.NCT AS PAPTtCLiS AP| CEPOSITiO ON IT. 

1A7100 

1I75C0 PAPTICLE CCLLFCTtON,,, fLECTP0S7A7{C PPEC 1 >1 TAT | CN 

lATSOO PAAYICLE SUE ..C.Ol TO 20 "ICPO-fTPPS 

1 ATS CO 

SATOOO ILECTIICAI PARTICLE CCUNfpi FCOU 1 11 IS 

SATOOO 

SATOOO this ANAltZEP neASUAIS ThE SIZE DISTPIiUTION QP PARTICLES. T**e 
SATOOO PAPTICLPS AAE IONIZED ANO Th|EP MnULlTT AS A PJNCTIZN CP 
SATOOO ELECIi^lC FIELD IS HlAluPfO TC GIVE AN INTEGRAL SIZE HISTpIRlTION 
SATOOO 

SATOCO PARTICLE S U I .••••«•.•••••.••* C. Cl TO l.O HICRCPETfi 

SATOOO PLOW RATI,.., l.tCPH I SOU Tf A t/NI Nl 

SATOOO INTECAAL 01 |TR |f»UT ION CAPAIIL 1 TT,,, ,,Vf S 
SATOOO 

ORTEC RRCIA.ICAP.RIO, ISOOO 

AlStAlS 

■f SOLUTION ,,<2.|RfV 

LINE SHAPING SINGLE OR OCUILE DEIAT.CP 

SINGLE OR OOuIlE OIPPIREn- 
TIATION mITh tine CCASTPNTS 
OP O.l »0 10 NSEC 

COUNT pate STAPIl ITt,,,., <0.21 POP ICOOO COUNTS/SEC 

CAIN Shift <0.291 pop lOOOO CCUNTS/SEC 

PAUSCh ANO LCNA INC PP0*1A 

SANPi !NG PAT| C.l Pfppf/lOO see Uf«T PAPTICLCS 

Pft PT*«)| 

PAI CUNCPNTfc4M0N «EAS .... ll*T PA# T ICLl S/P TPPJ 
JIP** PAPTICiES/LlTPR 

PARTICLE SUE PANGE C.l, C.5, 1.0. 2.0. S.O. 1.0* 10 

•ICPUNS 

ITfSCO AiALTlIR . huiTIChANNEL EOOll 11111 

1 TPPCO 

ITffOO ALLC« select IVP ANALYSIS OP CCUNTfR DATA 
IT%S00 

NuCLiAi CAT4 P NO ICC ITSOO 

CAT4 ACOUlSlTICN NOCIS P**A. NC S • 0* LIST 

EANOhIOTm 11 nmZ 

STORAGE 12 AIT 3AT4 mOROS 

CISPlAT CRT, Alio CP 

NuNIER np channels 102A.fO*t.P0AA 

COUNT capacity Pfi Channel •*•«. 2 ppZC * 01*4 irtepkal 

•lag aits 

:iNfNSiCNS 1P*1C.29I2S.1 lNC»*fS 

YfiCHT a; LfS 

iRT^ao EkPANstes clcuc CHANPP4 loc:* im^ 

2AM2C 

ZATIOO C^ANIEP PROVtCiNG SI"UlAT|CN C* LCNC TPR«, NATURAL CLCLO DUP|NC 

lATlOJ AN AtlAlATIC fPRANSION 

2RT100 
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2«TS00 OfMfMSIONS***. ll.llN.t)K*MOIA. R IT. TIN 

IfTSOO f49CNlLQ»(C 

a«T900 VOLUMf ....UI2CU.^T.m*lL» 

29?900 O^EPATINC TfR»e|*aTUt| - TiP TO 1-60 »C 40C1 

19T900 UPPEK AHO LOmEP ENCS ^EMP 

19T500 OlfPE«ENT UL • • 0 TO ltP(0 1Q lOO 

297900 ENO TfMPEPATUPE TOLEPANCE «/-0.lR 14/-0.9CI 

297900 QPEPATINC PPESSUPE 2.7 TO 16,7 PSIAU63 TC TaOrnaPi 

29T900 PPESS'JPE PAfE OF CHANGE 1«.6PSI/SEC nOOOlCPP/SE C » 

297900 PPESSUPE PATE TOLEPANCE •♦/-It 

297900 MAXIMUM VOiUHE EXPANSION V/V OF 0.9* /-O. 19 

147900 CIPCULAP ENOS CONTAIN ELECTifCALLV CONOUCTlVE PLAtfS TC SEPVE 

297900 AS EOUIPOTENTIAL SUPFACtS FOP TmE ELECTRIC FIELD aOTICN 

297900 CONIPOL S7STEN 

297900 

297900 CCNTtNUOUS FLOW OlFFuSIQN CLOUD CnaMlEP E00I6 11119 

297900 

297500 SUPEPSATuPAT ION IS CONTPQikED 0V ThE TENPEPATLPE OF bXTEP 
297900 CCVEPINC TmE UPP£P ANO LOnE* SOPFACES OF THE ChA«BEB. IT telLl B? 
297900 USED FOP CLOUO CONDENSATION NUCLEATION flPEPINFNfS 
297900 

297900 OIHENSIONS...... . . 1 1 . B1 Nl lOCMI R 1 ! . P 1 Nf 90C R 

297900 ?INI9C*«I 

197900 VOLUME.. ,..0.l6CU.FT.<6.9U 

2979C0 INNfft plate OlNENSIONS ll.ilNIlOCNl X 10INI29CM) SPACED 

297900 0.9INI I.IC"! APABT 

297900 ISOThEPNAL TfMp CCNTPCl IF I 0 * 09C I 

297900 UPPE6 ANO LOmFP SUPFPCF 

297900 TEnPEPATUPE OlFFEPENCE 0 TO 1 PF 10 TO 1 OC I 

297900 SURFACE TEMP CONTPCL .......... */-0. IF 1 0.09C I 

297900 OPERATING MPESSUPf ......lA.l TQ I6.7PSIAI74C TC TaO'^C*P> 

297900 PRESSURE HEAS. ACCUPACT */-Q.2t 

297900 MAX PPESSUPE ChAKCE RATE C. CBP SI /SEC I 0.4 TCRP / SE Cl 

297900 

297900 STATIC DIFFUSION ICE CLCUC CHAMFER ED014 11139 

297900 

297900 TfIS is a NAnAVi TvPE ChARPCP mhICm OTIlIIES ICE SURFACES TC 
297900 PPOVIOe CONTariLFC SUPEPSATUPATION RELATIVE 10 ICE. 

297900 

297900 dimensions..*. 19 . 791NI 40CMI 0I A i t,9IM20CPI 

297900 LONG 

247900 VOLUME,,, ,,,C, 444CU.F T. I 4,9L I 

29T9C0 OPEPAflNG T EMPEPAf UPE . * -40 Tfl T7FI-40 TO ?SCt 

297900 TEMP MfAS. /-I . PF | ♦ /- 1 , OC I 

297900 UPPfP AND LOHEP SURFACE 

297900 TEMPERATURE DIFFERENCE UP TO SAT I20CI 

297900 Surface 

297900 OPEPATIMC PPESSUPE 1.9 TO 14,7RSIA(ICD ^0 TaOTCPPI 

297900 FRESSUPF MFAS. ACCuBACt */-0. 19P51 C • /-I DTnRR I 

297900 

297900 STATIC DIFFUSION LIQUID CLOoO ChAmfER E0014 11119 

297900 

297900 A T'OMfT TtpE CHAMBER USED FOR EXPERIMENTS PEOUIRIKG AbCVE 
297900 FPEIZINC TEMPEPATuPfS ANO SUPEPSATUPATION OF ThE itCUlC RELATIVE 
297900 TO WATER. SUPEPSATUPATION IS CONTROLLED 87 TmE TEM»ERATuPIS OF 
297900 THE mater COVERING CHAMFER UPFfP AND lCmEP SURFACES. 

297900 

297900 dimensions. .6IN.I19 CM 10 1 A. XO.6 1 Nf I . 9CMI10NC 

297900 VOLUME OlCU.F T . ( 0.2 7 l I 

297900 operating T|«pERATuRF ...... .. ?2F TC 6tF IC TO 30CI 

297900 ENO surface MAXIMUM 

TEmFEPATuPE differential IVfIXI 

297900 surface TCMP.Mf AS . ACCUR AC 7 , . . .0. 1 v4 0. 09C I 

297900 ORFRATINC PR ESSUR E 2. BA TO Ia.TRSIAIIaO TO 7a070RRI 

297900 

297900 CINEPAL CLOUD CHAMBER ECOU II1J9 

297900 

297900 THIS chamber mUL FE USED FOR "ANT EXPERIMENTS TmAT REQUIRE 4 
297900 RELATIVE mumITITV BELOm 1001 ANO MINlMiP* TEMPERATuRE CCA7RCL. 
297900 RROViStONS MILL BE MADE FDR GENERATING VARIOUS ELECTRIC fiflOS* 
297900 PCSniONINC OEV I CE S * SOUND. OPTICAL. ELECTllCALI. AND •€ ROTE 
297900 OPOPIET SUING. 

297900 

297900 dimensions.*... ll.BlNllOCMi ALL SIDES fCUBEI 

297900 volume C.99CU.FT.I2 7LI 

297900 OPERATING TfMpffATUPF 90 TO B6F 1 1 0 TQ 30CI 

297900 OPERATING PRESSURE. 2.B4 TQ 14.7RS|AI140 TC TaO^ORRI 

297900 ELECTRIC FIELD PLATES LOCATED ON OPPOSITE SIDES 

297900 ACOUSTIC DRIVERS LOCATIOON ^m*E€ MUTUALLY PERPfNniCLLAR SIOES 


297900 dimensions.*... ll.BlNllOCMl ALL SIDES fCUBEI 

297900 volume C.99CU.FT.I2 7LI 

297900 OPERATING TfMpffATUMF 90 TO B6F 1 1 0 TQ 30CI 

297900 OPERATING PRESSURE. 2.B4 TQ 14.7RS|AI140 TC TaO^QR 

297900 ELECTRIC FIELD PLATES LOCATED ON OPPOSITE SIDES 

297900 ACOUSTIC DRIVERS LOCATIOON ^m*E€ MUTUALLY PERPfNniCLLAR SIO 

297900 

409900 AC POmER controller ECOU III 

A09900 

409900 REGULATES ANO CCNTRQlLS AC POmER 
409900 

409900 regulation RANGE TBD 

40990 0 

JC»4N FlURE MFC CO INC R4210A 91449 I 

FROG COOING BCO (BINARY AvAllAPLlI 

QUTMUT volts 0 TO •/- 10 VOLT* DC/PFAR AC 

OUTPUT CURRENT IOC ma 

FREQUENCY range OC TO 100 xm2 

RESOLUTION I «V 

PIGULAMON 0.0011 

JOHN PLUME MfC CO INC B42»0A »1799 1 

PROG COOING BCD (BINARY AVAILABLE ) 

OUTPUT VOLTS 0 TO */- 49 vOLTS OC/PfA« AC 

CUtPUT CURRENT 1 AMP 

PPEOuENCv range 0€ TO 10 «h2 

resolution I MY 

RESOLUTION 0*0011 
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JfHM KJHC •»fC to IHC iiitCi flNC% III 

P«(y: COCING 6C0 I§|**A«T AVAICASlCI 

JJTUUT 0 TC ♦/- 100 ¥0CTS AC 

rurSjT CUXSfNT 0.5 A**tS 

»aFQUIMCV AANCr OC TC 50 «hZ 

■ FSOtUTlO** 1 "V 

• ISlttiT 10*1 O.OOlf 


405500 CC •0»l« CONTSCLlf* fCOl? IIIU 

405500 

405500 arGULATES ANH CTSTtOlS CC 
405500 

4C55C3 vfr.iiLATinN AtKCF. T40 

405500 

JCmS Fi'i.c -1C tC ISC S4^ir.A 51445 III 

cftQj cac:*«r. oco uinaav avauaslei 

CUTPIJT VCLT5 0 Tr */• :0 VOL*S 0C/»FA4 AC 

Cut PUT ClJAAEtwT UO M 

AAfOOENCT lAtiCF OC Tf IQO Af*Z 

A( SULUT ICN • 1 -V 

AEGJtATinM 0,0011 

JC-N FLU«E **Fft cr. |««C A4Z5UA 51755 III 

MOG COCING ICC I5INAKV AVAUA4LEI 

OUTPUT VOIT5 0 TO */• 65 VOLTS 0C/PfA« AC 

OUTPUT CuAlfST 1 AMP 

PilOUFNCV 6A4CE OC TO 10 KmI 

•fSQLUTION 1 «V 

tlSOLUTICN O.COlt 

JCmN PLUAE PPG CC INC P427CA 5lt45 III 

«i5CG CCriNG PCU iOlNAAV AVAlLAhLE) 

OUTPUT volts w TO */• 100 VOLTS UC/PfA* AC 

OUTPUT CUPAENT 0,5 amps 

PIIOUENCT AANGE DC TO 10 AHl 

■ISOLUTfCN 1 PV 

kCSOLUTION O.OCll 

054000 PCTtCN PirruAE CAPMA (PAST PPAPM EC004 til II 

014000 

054000 PAST PPAPf PATE CAMfAA TO AfCOAO PPPPLET COLLlflCNS 
054000 

05400C PAAPf MATE.. .....lOC/SEC 

054000 AfCCtClKG OoPATION •...••.20SEC 

054000 pielo cr moi angle 

054000 

35505C still ca-ma f rco« Hill 

0S505U 

0550S0 RECOaO CLOuO ChApPH PhENOPENA 
0S505S 

OS5050 PPAME AATE. ...2/SFC 

0IS05Q SmuTTAS SPEEO .......ISfr TD l/5J0SEC 

055050 CAP AC ITv ,.90CPPAPf S 

055050 INTEPChANGASlE LENSES 

055050 PIL4 SUE... 15p- 

05505C 

HCKfVMfLL INC lSPQTCPATIC f I615 III 

LPNS 55 mu, P/l.| TApupAP 

15 PM. A/2.0 TC r/16 TAPUMAS 

S«4UTTEt SPffOS I/IOOO SEC TC TtMfff 

VIEmING ThAu l*ns 

055050 still CAmEAA EOCOe lllll 

955050 

055050 PECOtO CLCUO ChAhaep P**enqpENA 
055050 

055050 S-UTTft SPEED ISEC to i /500SEC 

055050 AESGLUTtON. m|CP0ME*EPS 

055050 depth op MElO 1-p 

055010 PAAMf SUE 

055050 

GPAPLffP PAL 5165 ir. 

CONP IGuPATtCN HALO HftO QA STAND -CLNAEC 

SUM PUPmaT 1.25 I 4*25 INCH 

lens INTEPCHASOrAALE 

maSSELPLAC p5CC el ilAll Ul 

TYPE single lens pCAlAx 

CAIVE ELfCTPlCAL DA M4^uAL 

lens 10 PP PLANAe P/2.P ZEISS 

50 PP 01 staccn f /4,a 

CLPSC'UP LESS PRCAAA 0.5 PXUS >ANCI 

|T.25 TO 24.25 IN 
PAGAAP l.O POCUS 4ANCI 
22.25 TO 42.5 IN 

P|L- * UE 2.25 K 2.25 IN 

PAGAZINf CASSETTE ANO PLATE 


2*5500 PICAQSCQPf lOOlT Ulll 

265500 

165500 NA6NIPIPC 90SEAVATICNS 
254500 

265500 MlGM^tCAtlON *A'TG4 ..10 ^0 lOOl 

261505 -4SfP%AA|r>S M.TCe VlSuAi C» P-OAOCAAPHjr 

265500 

EAuSC- AN" ICP* INC #P5’»-4Sm 15^6 Ul 

CNjECTivfs 4 Plat muo 

Tt9F .IijEC'IvE 5I» 0.5 NA t 1 Op • 0.25 nai 

0.15 NA t lOCX. 1.25 NA 

5 STEP, LCp vOl TAG! TAPNSACAmC6 

iTfPKClS PAtttO 101 
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tEITZ »2t0t 111 

COMF1 CURAT ION SEMCH 

EVPtECe aiNOCiA** 

PACHlf 6.3X T3 100k 

ANERICAM optical eiH?0T6-0l» ilSTt 111 

COMf I GU* AT lOM BENCH MOl>«r 

fVEPlfCE SINOCULAI 

NACNIPICATION.. AX TO lOOX 

OCVMPUS optical CO LTD ajH $900 111 

CONFIGURATION LOOSE EOtlP"ENT 

Type HARKFieio ;com-stereo 

PAIN Bcnv binocular tube, incliaeo as cr 

60 DEC. rotatable )60 DEC 

PAGNIFICAT ILN RANGE TO 160X 

PORKING niSTANCF )0. *S. BR. 10*., 1S9 P« 

APERTuRF iris CIAPhraGN 2 TO 60 mm IAOJLSTABlEI 

•AUCF C LCMR RPB-;«? il2S? Ill 

CONF ICURATION LOOSE EQUIRMEnT 

EVEPI ECE... . . BINOCULAR 

NACNIMCATION AX TO lOOX 

249000 STERFQ "ICROSCOPE tCOlT Hill 

2*9000 

2*9000 ••AGNlflEO OBSERVATIONS 
269000 

2*9000 MAGNIFICAT ION FACTO* 10 TO ICOX 

2*9000 OBSERVATION HOOE.... VISUAL QR RhOIO&o*p»’IC 

2*9000 MORKINC. OtStANCI.... U* TO AlNIlOC**! 

2*9000 

EAuSCh-LCPB INC. ReST-6?w $*T6 111 

OBJECTIVES A FLAT f IFlQ 

IT*F OBJECTIVES SX.O.OBNA 

10X.0.2SNA 
A0X.C.6SNA 
1 COX, 1.2 SNA 

ILLUMINATOR S STEP.LCN VCIT.xFG*mER 

EYEPIECES PAIRED 1 JX 

L€|T/ plZOM $2101 III 

CONXIGURATION.. BENCH NQUNf 

EVPIECf BINOCULAR 

PAGNIFICAT ION. 6.1X T1 tCCx 

AMERICAN OPTICAL •XH20Te-06 AlSTb lit 

configuration BENCH hqlNT 

ETEPIECE..*. • . BINOCULAR 

Ak Tq lOOX 

OlVMFUS OPTICAL C3 LTD RJ** $900 111 

CONF iruR AT LOOSE CGlIPMENT 

TYPE OARXFIELO 200*-STEREC 

PAIN BOCY * BINOCULAR T^Bf , INCLIAEO AS OR 

60 PEG. rotatable )60 OEC 

• AGNIF ICAT ION RANGE 3.SX TQ }60i 

PORRlNf. distance SO, AS, 06, lOS, IS9 

aperture IRIS DIAPHRAGM 2 TO 40 ■■ IAOJLSTABLEI 

BAUCP L LOMP RPP-2E2 $12S2 111 

CONFIGURATION LOOSE ECUlPMENT 

EYEPIECE.... BINOCULAR 

PAGNIF ICAT ICN AX TC 130X 

nnSO MICRC<CCPE (HIGH haGNIF ICaTIOn) €C31T lllll 

2*B900 

i*bsoo magnifiec observations 
2*#^P‘ 

2*BSi MAGNIFICATION FACTOR .....lOO X lOOOX 

2*BS00 OBSERVATION MODF, TR INOC UL AR fC AHPR A ATTaC*<M€NT| 

2ABS00 

2*9000 

CARL 2EISS CO RULTRAPhOT It $0000 111 

COnfiCuRATIQN loose tqlIP 

MAGNIFICATION 2.SX TQ 2^001 

CAMERA attachment PQLAAOIO* A XB F|LM, YB mm RQLL 

SS9SOO CSCILLOSCOPE E00l» llltl 

S99S0Q 

SS9S00 SUPPORT maintenance ACTIVITIES AND SPFCUl DATA ACQUtSITICN 
199S00 

199S00 FREOUENCY RANGE OC TQ 10.0 Mh2 

S99S00 OBSERVATION MODE VISUAL ASC CAMERA 11 hH STOREI 

I99S00 

TfRiCNlX INC •PS64p/SAt plug-in/ 12SA0 III 

SB4 oiuG-IN 

PAN3MIDTH OG TO 10 

Channels 2 

CEFlCCTION facto* IC MV/DI V TO 10 V/DIV 

TIME BASE sc N!/OlV TQ s S/Ot V 

PAX VIEMING time I ^L* 

i MAX STORED writing SPEED SCO C|V/ms 

TYPE OF STOXAGE SPc I T SCREEN BISTABLE 


TEKTPCMx rOma*. $1Q9B III 

PANOmIOTh OC TO 10 MH/ 

•ISETIHf 3* N< 

SPEED mR|T|NG 2S CP/MS INC'RINALI 

2S0 CM/MS IE»^«Ni:fO MODCl 

storage video time 1 ^R 

ERASE TIME 0.2S S 

CEFLECTIHN factor IC MV/CM TO SO V/C» IN 12 STEPS 

TIME base 100 NS/CM TO 2 S/C» lx IS STEPS 

RESPONCE TIME ..LESS ThAN I NS 
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^ • r 4 . al *2* IJ90 

• DC tq 

vt'illTtVl . 100 HlChO^niTS/C'* 

'*» t \ 2 

H(luf*T 43 PCUNOS 


■a 464 


tltCO 


ill 


riancKiU inc 

lANOairTH DC Tu 100 "HZ 

CHANNKS 2 

CI^LtCrtl.^ k«CT3A 4 ««V/0IV TO 9 V/OIv 

Tiaf BA4r 0.01 »'ic«osic/rni t; 0.5 s/oz- 

TfATiDNlK TaZO*! Ill 

|iAN'lZ«CAL |4UaTfO« 4«V/DtV TO 9V/0IV |6 Iw STf 

UNr At I ••AsTfcU. . . COM VAt TO 1Z.9V/01V 

•rs»OKSC TiMf,.,,, LCSS Than 1 *«s 

CASHfl « l.AlTPaNATC, C**r^P^ “3 . AOCCC .»-» 

Ci'AiiMi Z i*U» 0« ik^faTiui 

rf«*N^ltlS4... .. l^.T I 42,4 1 J0.‘ c» 

nEU**T 4.4 AG 

aOMFt 1 14/230V 4«-440 n; 604 


TErTPCMIX 1»iC •SAfia/jaa fLUG-t**/ llAao 

JH4 »LOC-IFi 

PPEQUENCV aAKOalDV»< OC TO 10 m*<Z 

Channels 2 

CfPLECTlON fACTPP «... 1C W/OIV TO 10 '«/OIV 

T|««C BASE 93 NS/OIA TO 4 S/CIv 

tlSETlMf NS 

4R60CO Tv alNlTfli fCOI 

%B*0C3 

AA4300 OISALAV TV CAAfPA OUTPuT SKIhlSG ChAMBEA PmEKCHENA 
6A40O0 

CCmu UfCTAOMCS INC *COK »T74 

• ANr«lt)TH *0 **hZ 

rDiI/ONfAL lines 1229 

MEins 40 PfP SIC 

-o» nr Tv 


in 


111 


PE SUL 1 
LIGHT 

1 mage 

jtiun 

L EvPL 

. IGM 

MAGN rPICAT ION. ...... 

1 « • . . VF S 

image 

INTENSIPICATIDN. .... 



rnnij INC. LlECTfcOMCS Civ 

► ICTjak SIZE “^-T/lAa A 4-32»" lSC**iS 

HOAirOt.’AL SCAN N44 LINES. 63 PlfLl-S/SEC 

PT1 UNIS. 63 MiL05/SfC 

vinpn panOvIPTh 2C ‘*HZ */> 2 OB 

pOnE* 29-2 P.9 vr>C. 190 «atts 

6A0030 VlPlCCT. EC012 111 U 

6BOQOO 

*60300 aiCrvO f^A**ifL OmENOMLNA 
alOOvO 

Aioooo 
alOOOO 
610000 
6I0C0G 
44 ).iCO 

ACA UPCTAPMCS COHPONENIS aP*2l 1923 III 

rvPf virtC0N-Su.P10E 

PhOTOCONOUCT IVl It 

IMAGE diagonal ••••*•« 29 mh (1 ]NI 

FOCUS manual 

LlNlTINf AFSOLUTION 14C0 LINES 

COmu INC. ELfCTPONlCS OlV. al22C MAJO 111 

IMAGE CONVEPTER 41441 ViOrCON - CQLCP 

BfSOLUTtON-HCAIZONTAl LIMIT .... 100 LINES M{N. 

CEOMETBIC DISTOATIPn < 2 f OP *»IC nUChT 

lens mCUNT U MH - C-mCLNT 

CCMU INC. electaonics oiv. azccc noao 9ii 

LENS-BuILT|N 4tl <23-10 mm) P/2,4 ZOC* 

lens attachment 411 <12.9-10 M«| 

LENS INTEPChANGEABlE ICU <14-140 mm) P/2.B ZCCm 

16 MM C-mOUNT PPL 

13 MhZ PANCiiinTH t-OO 20061 .... 42! C« T24 L I N6 IViDICCK ^^6361 

20 mh/ PANOmIDTh c“ 00 20041 STI 0» «4« LINE fvlOICCN S4T1I 

MIL SPECIFICATIONS MU-P-42T2C. m|l-ST0-P10 

CfMU INC. tl PfT*rsiCS OIVlSirNa*40C »2224 111 

LENS ail ZOOM 

lOtIZOOM 

VthriCLf PATf 6CPIEL0S PE* SEC 

►OAIZCN’Al S»E|p AATf ;Z4 LINES PfP FPA-E 

image tube ItPE B941A STD 

LPNS mount 16 MM c- MOUNT 

MIL SPEC IP ICAT ICNS MiL-E-SaOOM, m|L-E-4I00m 

214000 image OlViCf lighting ECCCN 11114 

214000 

214000 POCVIOES lighting POP VABIOUS OfTiCAL PfCOAOiNG ACTIVITIES. 

214000 CCNIISTS OP continuous lighting, STAOOKOPP ANO LASPP beam light 

21400J SCUP;eS 

2I4C00 

214000 -lUH INTENSITV I liHt ri#ATICN.*<lSPC 

214000 

J94‘C3 CPTICAt CITfCTP* EC004 112!4 

5994C0 

1«44C3 sru.: state OETECTOP to obtain CATA CCNCEPNInG SCaTTEPIAC 
144400 PPPPiaTUS OP ICE CPtSTAL* anQ POSSIBLV |>T6f»f OPQPlCT SIZE 
14940C CHANGE OATa. 

IS1900 


C-Jt 


SD T4-SA-004T-2 




msoa DlO^LfT SIZE DIST» tWUTIO*! *<ETE« EOOO^ mil 

mioQ 

lllioa This UNIT IiIlL DETEIkNlNE IXlOUfT £IZE 01 ST« J 8tT | ON S liITt-IN A 
llllOO ChANKEH UTILIZING OPTICAL TECHNIQUES 

liiloo 

1^90 li NICROSCOPf ECOIT l!Ul 

2848S0 

244*90 OETEAMINE SURFACE TEhPERATURE OF DROPLETS AND tCf CRYSTALS 
244490 

244490 SENS 1 T I VI TY 4 /-O. 94F I */»0. JC I AT 9F |-15C» 

244490 

(AUSCH ANO tONB INC »ll5T-63k »ET4 III 

OBJECTIVES 4 FLAT FIfLO 

TYPE OBJECTIVES 91. C. 8 NA ; lOX. 0.29NA; 40K. 

0.E9 NA; IOCA. 1.29 NA 

ILLUNINBATOR 9 STEP. L0» VOL TAGf TAANSF0R"ER 

IVEPIECES RAIREO 10* 

BAUSCH’LOPB INC. AhlCPOSCOPE TYPE II III 

NUMERICAL APEPTuRF 0.T9 

NEASURENENT NAGNIF ICAT ION 6« 

CBSEPVATION MAGNIFICATION 9CX 

effective slit length 12«M 

effective sample area 0.3mmk;hm 

BARNES ENGINEERING CO. aR**-2A |T990 111 

READOUT DIRECT 

TfM*4 resolution 4 4.4 4. 4 O.sc AT ROOM TE^P. 

CETECTOR INDIIPT ANTImONIOE 

response 8 MtCROSEC. 

VIEWING SIMoLTANEOU! •/mEASuPEMEKT 

spectral bandwidth 1,8 TO 9,9 MICRONS 

TEMP. range scale A: 1 9C TQ «9C 

SCALE 9t 19C TO |49C 
SCALF C) OC to )90C 
optional SCALE; TO I500C 
OBJECTIVE 0.C9I TO 7*. » 

199900 OPTICAL SENSORS EC0I1 121111 

1999 CO 

199900 SENSOR FOR CONTROL OF paRTICLF CHARACTERISTICS ANO CPTICAL 

1999 CO ENERGY SOURCES 

199900 

424C00 OIGITAL TAPE RECORDER EC089 Hill 

424000 

424000 PROVIDES FOR RECORDING SENSOR OIGHAL OUTPUT DATA. 

424000 

414000 tape SI/E 4.4 I INCH 

4I4Q00 TIACKS R 

424000 trpe speed variable 

424000 riATA RATE 1.1E*06 BPS 

424000 REEL SIZE 12 INCHES OIA 

424000 

AMPfR CORPORATION RAR'200 121 

bandwidth 100 HZ TO 1129 HZ ThRCUGH 

ICO H£ TO 290 R«Z 

TAPE wICYh 0.« INCH 

TAPE SPEED 1.8T9 TO 40 IPS 

RECOROING time 8 MfNuTFS TQ 4 hR $ AKC 14 m|NS 

FORMAT OIGITAL 

TRACKS 9 digital. T ANALOG 

APPEK CGPP RAR ITCO R28.000 112 

TRACKS 14 

TAPE SPEED 120 IPS 

TAPE wICTH 4 4 4 4 ... 1 INCH 

RECOROING MODE OIRfC* 

packing density 2CKB/I/T 

SIGNAL2N01SE 20 CB 

CATA CAPACITY 4.2E«10 

•ANOwIOTh 2 MB/SEC/T 

TARE length 4200 FEET 

SlilGAMO ELECTRIC tSABER Ml R24.900 111 

tracks 14 

T4PE wICTh I inch 

TAPE SPEEDS*. R SELECTABLE SPEEDS FBCM 19/14 

TO 120 IPS 

FREQUENCY RESPONSE 4C0 HZ TO 2.0 whZ 

recording rate * 400 KBPS AT 120 IPS SERIAL HOOf 

RE ICHT too POUNDS 

OIGt-OATA corporation R140C A2890 III 

YAPf SPEED 29* 18. T9. 12.9 IPS 

T4ACKS ^ OR 4 T8ACK 

DATA density 1400 CP| PHASE ENCODED 

200. 99*. 800 CPI 4RZ1 

TAPE 0.9 INCH. 1.9 mil, 1200 Fit? 

OICI'OAYA CCRPTRATION t ITOO/PQP-l I/T-4 89290 111 

TRACK NtZI 

tape speed 49. IT. 9. 29. 18.T9. 12.9 IPS 

TAPF 0.9 INCH, 1,9 MIL, IBP/ANSI 

COMPATIKlF. 10.9 INCH REEL 
TRACKS ^ OR 4 

CATA density Phase encooco 

CCmPAYIBLE 
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rFMiCM -’‘.TwH/ t •.ntU Hi 

T 4 P HCi , JUO C»*l •■‘/I ' 

1 * .) C^l P I 

i *^ANNU ^ ^ ° 

•APt fPtfC ki. »< |P‘ 

TAPE J.t ISCh, l.« '•ILS. 

Ti il£ 

BOaC aAPMP aPf-T 1?1 

TB 4 C«S SO 

TAPt. «pf»n ▼c loo: IPS 

TAP£ I/.‘ ISC»' 

TAPF I f \rt« .^fc 3 C » 6 S T 

pAC" i^.u Ofssn^ 1 - "-M/T 

SIOMAl/NHIM .>«. IP 

CAT L c Af 5 L I» » I . 1 ? ♦ “V 

PA».riiir»* e-i* 

LCAfP a-’i- ■'COO 511 

T*Ar«s 12 

tap^ vpUU WO IPS 

TAPF »ICTm I 

TAMf I f ^<■TM ..'ov. » I f » 

PACrINC DISSMT le.r m-/l/* 

Mr.%Ai 2 : P»* 

Cata CapaCITt 

• an^*icth 2 “P/str/T 


HfwlFM PAr>APf> (lO^OO ill 

(•AH'Im 101 50 C 

CHASSfl* 1 

WlClPOlNf. ti.pa’Al ''lOfCT P 6 » 


PEeifTT PAC-APO «3«‘'C lUTJO 111 

PANCwIOTH *C0 anZ 

CHASSflS 

ifcoanisf t ANAT SIBFCT 3* F ** 


M§«LFTf PaC»a-’ •S'^a-CA-CU A?5P33 

MNC* ir *>cr. ?r 2 

ChANNIL* I* 

ACCot-ois. ‘ ‘^“A' ^t■frl ca t 

HfalfTT PACKAAm • *«•» ..A /I 3C6?AFl 506 1A »4Tg^ 

CO»iF IGOB AT |:j* BAr» •ac*»T{'' 

Tape ^pfto l*** * **«0 l^/l 6 l®S 

Ct«ASA>FIS « 

• FC3»3lNr, FOP»»f f 

PASSPAT.D ^ 

S/N BAT - 

t«ac»S * 


“CNEVetU a*e ' Ae T o 

F^BT Ahi f T API «F ' -T»*- 

ChasselS-.... ' 

SflFCTABlf TAPa SP*I' I'^/W T(j aQ|PS 

PA*|>iU» BASCai ir»T«|CI*lC » ) 

PAC«lsC DfNSl’T JP Tf t:joPl 

fcl I »Cl - « M 1 * .1 

INPUT vriTAGl ^Pv'!C 

MONiVaFU P'T *l ^**^0 

Cman^F k ^ T 

SElFCTAeiF TAPE SPfIC BANr.l,.... It/U S') ?fcOIPS 

•FEL SW£ IftIF* 

►Ailau** PANOn I C’’T*iniPFC T I **/ 

Tape h ICT »> I f 2 I*. 


A*PM fOaP aAS TCt 

TPACaT^ l*> 

TAPE SPEED aO 1*^ 

tape airT.* 1 INC- 

>ar oar *>nOf Dlpfcr 

PACaiNG Ces'^l’T iO aP/|/T 

SluNAi /v r.‘ r»* 

CATa ( APAT |T» PF^IC “ITS 

PAN 3 »IGT»* I •Tp/Sf f /T 


I I I 


111 


sil 


e^oo’ j 

A?OOTO 
ft^OOT J 
A/OOTO 
e?J 3 T 0 

ezooTo 

A^ 007 ^ 

e?OGTO 

A? 90 TC 

OIITQO 

OIPTOO 

OlpTCO 

n- ■ 
) 1 - ' ■ . 
niAT. 
j : ^ ' wt- 
0 M» ■ . 
OlAT 
01 • » ! 


I to AB » t A». - I T T I B 


F'-OP* lliw 

T.. -rASuBI Ccl^ur hFIChTS and aEPCSCI ois- 


PB VlDf' I..NAI 

taiPuT ion. 

have IIN'.Th el 4 A ANGSTACPS 

|||>a|KAT|CN atOrS BuBV. ODUtLCO Bu«v. ctf. 

DCuPlEO DTE 

AftfivFP, TflFSClJPE ECOiA 

-iftu«s twak<-|it»o aeTuBnEG MGnbe S. 

|N^• , • COl • B ad 

* 1 |«.I|S AT oBA.» J.CCpT BAD 

.■ IS’lS VnrUITT J.ffeT BA^ 

p |NtlN. '>Ta»li|T» PA»f ...... O.CUlTCi- Pfa SEC 

p |». t|S, [A.aA*|,S t;, - Sff 
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♦ IWOO OICITAL bECOPOEP 

414000 

424C0C PPOVIDES P0« ifCOAOING 
426000 

digital OGiPu* data. 

ECOSl 

mu 

















424000 

APPEA cobpdbation 

■AA-2CC 


Ul 



312S Hi T..BCUGH 



IOC Hi TO 

2kO kHi 


TAPE SPEED 

A pINUTE T.'. fc HflS isO 16 

“INS 

FnpPAf , r f ....... . 

oicitAi 



TBAfAt , f r . T . . . . . 


T analCC 


appEk COBc 

tBAf«< 

•AP |7C0 

t2« ,C33 

U2 

Tape SpEFP 




TAPk _ ! TT M 




BECDBf' ING “DDE: 

OIPfCT 



AAriiKiG nf*\4SiTv ..... 




S 1 r.NAi /6n iSf ........ 




cata CAEAC ITT ....... 

P AAlOta |0TH ........... 

2 -P/SEC/T 


TAPE L EnGTh. . . . . . . . • . 




S4NGAP0 ElECTBIC 
TpaGaS 

■SASEB 111 

S2e «S33 

111 

Tape wfpTH ........ 

1 inch 



TAPE SPEEDS 


1^/16 


»o WO 

•ES^O^SE *CC r-t ’1 2,0 **«/ 

®fCO*niiSi& a*Tf 600 ■6P5 120 IPS SMlAl “ 

•E ir.K 100 POUNDS 

CICI-DA^A CC*P?*6T10N «160C A26SC 

TAPE <PfPC l«WS, W.S IPS 

IBACKS T CP ^ taaC* 

CATA CENSITV 1600 CPI P” A St tNC^:J6D 

?CC. 5S6, *C0 CPI NP/I 

TAPE O.s rvcei. I.S -U. ;2vJ >Et’ 


• ITCO/POP-1 

t»ACi NB/I 

AS, 1 T.« , 

......... O.s INC-*. 

Cr-PAM 

Tt ACkS 70 ^ N 

data nfkSlTy Phase inCco'O 

CD«PAf IPLF 


CICI-OATA CCP®0P*TI0N 


TAPI SPEED 
tape ...... 


IS 2 SC il 

IP.TS. I2.f IPS 
I , S »| I , IHA/A^SI 
. 13.* |KC- PEEl 


HEWLETT PAfMABO a7*:7C’*/C 

Tape ehamat .................... PQC* SS6 

1600 CPI 

Channel? ’ op 9 

tape SPfEO 10 ’0 *P- 

*APl 0 .* INCH, l.S “Its 

. -PATJ ale 

• CPr. wa«nE6 apTP’ 

TAaC«S 10 

Tape speed UP TC 1003 IPS 

TAPE pICTh 1/2 INC« 

TAPE I ESCTm 2*00 FEET 

PACkISC OfNSITt I* -P/l/’ 

SII.NAL/NO ISf 2* rt» 

Cata capacity 

PANOPlOtH 6-1? PA/Sn /T 

lEACh 'COO 

TkACkS W 

Tape speed 120 IPS 

TAPE -ICTh I inch 

tape I A2ufl PFfT 

PACklSf, DEnSITt 16. T *0/l/T 

SiCNAi/NOISf 22 DP 

cata CAPACIfT J.2E»I0 

PANO«IOTh * 2 h«/sIC./t 


f *603 I I 1 

200 CPI kP'l AND 
PH 4 SI -ENCODED 






hEblEtt pa'*ap: 

•ANCN ID* ► ....... 

Channel*- 

■ fClPOINi. kQt.HA* 

HtNlffT P 4 C*Aa 9 

fANOPir’H ....... 

ChANNEI s 

•ECQPCINi PQP-iT 


A t 


0 I»F C T 0* • " 


ICC k-2 

l* 

OlPfC T u# 


hE61 ET T PAC* ABO 
PANHilO'H 

Channels ... 

fcECOkDINJ. 


A»ekOA-Oll A21S30 

kCO H/ 2 hh/ 

1 * 

««AT . . OlBfC T -fc » 
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MfwLfTT PiCitAtn ■3<aoA/*.9ca9*/l »aT*»a in 

0}N» ICuBATUiN «*Qu«t*|D 

Tia» S»rfO 19, 1 a*iD 9/4, 15/1* ns 

Ch*»iNlLS 4 

• ICOaoiNC #C*HaT fm 

**&S9akiC 5 a»*l 

S/i* **T *t or 

TPACHS JC 

MC»ifv«eiL •uoo »«7)o 

POtTAlLl TAPI •fCOPOM 

ChASNHS 7 

SEiecTAaLF rape SPtfD a*NC(.,... 15/U tq aoiPS 

PAKtMUH •MCH IOTHIOIHC7 t 1CCVH2 

pAC4mc oin&itt UP Tc poopat 

PPIuhT 70tPS 192*01 

iNPur 

HCarVeELL aP* ft|74/J 

Ci**NN2l&.«.,« 7 

SeiSC^APLf tape SPfciL *a^CE..... 15/1* TJ 240IP& 

•fu i*iN 

•lAIIMuM tPNCa I0THI0IPIC7 ) 2" m{ 

TAPE width 1/2 IN 

PPPlX COPP PAP 70C I2P,1*Q 511 

TtACtS I* 

TAPE SPEED *0 IPS 

tape mIOTh 1 INCH 

PECOPO MCUF.. DIPECT 

PACAlsr density ?C Ri/I/T 

SlCNAL/NJlSt 23 OP 

DATA CAPPr.rv IE*10 ftt TS 

PANOwICTh i hP/SEC/T 

IIAPOO CSCIUQSCDPE LC09* 11111 

SSI500 

SfIfOO -CNITCP, PFASUfcP ANP PAISTAIN UiCTPCNlC EQU|P«InT OPfPPTIPN. 
SM90Q 

ISI50C BanDpIDTh ICO PM2 

SfISOO Channels i 

151500 sensitivity IC "V/DI »l SIPN 

MI900 Tl-E EASE VAPIAiLf 

IStSOC STQmACE r*PAPlLlTY NO 

rfaT*(N|A pap* A4200 111 

IANCnIOTh MC ph2 

PlNSf ,CAL iPPATfO. SNV/OIW TO 5V/0IV IN 10 ST|PS 

UN(AL IPPATEO...,, CPNT VAA TO 12,5V/0I% 

PfSPONCE Ti«f ,.... Than 1 n5 

Channels i,alt|*nate, chopped, acpeo,a-» 

.....,, Channel 2 nup o* invepteoi 

1**7 A 52.*. A JO. 5 C* 

P.5 BG 

U5/21CV 4I-440H? *04 

TEPtaONI* INC P7Jll/T«il PLUG-IN/ A4103 III 

7A7C PLUC-IN 

PANOklOTH DC Tq 10 «Hf 

Channels 2 

CEPlECTION 5 HV/OIV TO 5 v/OIV 

riafAAIf 2 NS/OlV TO 5 S/Olv 

4AA V If 4 T |Hf • 4 HflLP s 

•AA STCalC aPriNG SPEED 5C0C Olv/aS 

Type np STOPACE S®lIT SCREEN bistaale 

TEbTLCNIB INC ■7P04/TA15 PLUC*lN lAClC 111 

/TB70 PLUC-IN 

EANOhIOTh DC TC 500 aH} 

Channels 2 

CEPLECTION BACTD* lOPV/DlV TO I V/OIV 

TImEBASE 2 nS/DIV tc 5 S/OI V 

TEbTAQNII INC •*445 TlBOa III 

Ban^«IOTn DC TC 100 hh; 

C**annElS 2 

CEPlECTIPN »AfTn« 5 hy/DIv tq 5 v/0|v 

TIME ease C.Cl aiCPDSfC/0! V TC 0.5 S/Olv 

01*700 TELESCCPf - Tfc AC* ING "EC I I I !• 

01*700 

01*700 USED POP H|C** pESOluTICn yIEhINC CP SPECIFIC taagETS 
01*700 

01*700 INSTANT ANECJS PIElLOP V 1 1 4 . . . C . 50* CIl 2 41I 
01*700 ... 4. XfC.il*ll 

01*700 PIElO OP V lf4 ICACSS'TPaCa 50EG AND 4.0DEC 

*1*700 pointing angle P*0« NAOIB 

01*700 IPITCh, along TPACAI *70 TC -400E6 

01*700 POINTING angle PP3P NADIR 

01*700 l•.•lL. CP'^SS TPACaI.... •/-75CIG 

0l*T00 TQTA,. AN'.oLA* CCvIPA&I ICPCSS- 
Oli'^CO ▼PAC* I PPr* SAOIP I lP3v/2* 

OIPTOO pointing 

01*700 •“‘INTInG ACr-jPACT 1 l-s IG«A I . , .0. lOEG 
OIPTQO 


c-*a 


iO '4 .Sa.00«7*2 
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iilOLO vifkFK > kiOF a» 4 (;le *<fa iu)« 

*11010 

*11010 USCO foa laaCE vIEmINC and naiF»*T*T|U(i. 1 NST« 0 *»FHI Slt^llAN 

*12010 rn The »ilo nfi savication <;icht usfo ^ith *hf bt lO'Hff hi^augg 

*11010 »C -10 »*FTB|C CAHFAA 

*11010 

*22010 INSfAKTANFruS field OF V t F b. • , 1 1 OOFC a llOOkG 
*11010 ••. 550 FG A ^^OEG 

*12010 ...lAOFG X ?aOEG 

*11010 FIELD OF IN a;|muTh 

*21010 OQINTING ANCLE FAUM NAO|A 

*11010 |AITCh« ALlNC’TBACb > 0 TO ^ 0 [>EG 

*22010 TOTAL ANCOIAA COVEAAGF 4 CACSS> 

*11010 TAACAI FAG** NAOIA f lFOV/ 2 * 

*22010 PCINTING ANGlEI 

* 2 l 010 pointing ACCuAACV I l-S IGM 4 |.,.lf)tC 

*12010 

%**700 LCNr. «ftbF INFPA 6 F 0 SPE*” T-C*»€ TF* PEC Hill 

4**7 CO 

45*700 USED FpA IDFST IF ICAT ION CF TYPES CF "OCaS, SOILS AND 5 EDI»EMS 
45*703 

45 * 7 C 0 SPFCTAAL PANGE G. * TQ 1.4 hICBONS 

45*700 4.1 TC 15 .* *ICPONS 

45*700 AADICPFTAIC ChANNFL aanGE 10 T{j H ofCACNS 

45*700 INSTANTANEOUS FIELD OF VlEb...l *lLLl AADIAS OIA. 

45*700 POINTING ANGLE F« 0 ** NAOIA 

45 *TC 0 IPITCh, along TSAC 4 I *45010 '0 -lOJEC 

45*700 PClNflNG ANGLE FRCM SAC|P 

45*700 <«CLL. CAGSS TAAC«) */- 200 EG 

45*700 pointing ACCUAACV O.IOIC 

45 *TC 0 

424000 magnetic tape A(C 0 P 0 FA **E 0 Hill 

424003 

424000 ONBOAAO DATA FECOAMNG OF SCIENTIFIC INSTau-FnT piTi 
424000 

424000 PEAO IN PATE 100 M 6 PS 

424000 STORAGE CAP AC IT V /•• | SS I ON IE 12 PUS 

424000 

AMPFx CPRPPAATION PAA-lOO 121 


FANOwIDTh 100 HZ TO »12‘ h; TmOCuGh 

JOO H/ TO ?50 ahZ 

▼ APt mICTh 0.5 INCH 

TAP* SPEED * 1.AT5 TO b3 IPS 

RECEDING TI*»E A "INUTFS TO % hBS ANC 15 *|NS 

foahat digital 

TAACpS * 5 digital, f ANALOG 


APPEK C3AP PAP ITCO 12A.OOO 112 

TAACaS 14 

TAPE SPEED 120 IPS 

TAPE hICTh t INCH 

PECOAOING mode 

PACKING DENSITY 2C-E/I/T 

Slf.NAL/NDISE 20 DP 

data capacity 4.2F*13 

CANOmIOTh 2 PB/SEC/T 

TAPE length 9200 fee T 



SANCANO ELIC^pIC pSABia 111 524.510 ill 

TAACkS l4 

TAPE pICTh 1 INCH 

tape speeds F SllEC»Allif SPEEDS F®fP 15/14 

TO 120 IPS 

faeouENCY aFSP:.S5E 4CL HZ TO 2.C -hZ 

PEC7ADING BATE 400 "APS AT UC IPS Sf ■ I Ai *0 )t 

bElGHT ICC POk#«DS 

CICI-OATA CDApobaTIGN pUOO «2450 111 

Tape SPFEO 2*. IP. ’5. 12.5 |»S 

TpaCpS 7 CA 9 TAAC ■ 

oatlcensity I4C0 CPI Phase enccdeo 

200. 554. *00 CPI NAZI 

TAPE C.* INCH, 1.4 p|i, 1200 PffT 

CIGI-OATA CCppOAaTION pi TCC/POP-l 1 /7-9 55250 III 

TKAC« NAZI 

TAPt SPEED *5. M.5. 25. li.75, 12.5 IPS 

TAPE 0.* inch. 1.5 -IL, IRp/ANSI 

CtiHPATIBif , 10.5 INCH peel 

TAACp S 7 fP 9 

Gata density Phase ENCDOEO 

C''*PA TIBLE 

HEWLETT PAC«AAO PTSTCB/C 5 *400 111 

Tape fcp-at lOO. 554 . 0* 200 CPI *AZI anO 

1400 CPI PhaSE-ENCOOEC 

Channels 7 qa 9 

TAPE EPEEO 10 T(. 45 IPS 

TAPE 0.5 INCH, 1,4 p|LS. IPP/ANSI 

: 3HPATI4LF 

PO*G «A*NFk «0|PT 111 

TPAC4S 1C 

^APF SPEEO UP TO 1000 IPS 

Tape b id* h I /? INCH 

TAPE iFNGTm , *00 FEET 

FAC* 1 Nr. DINSITv 15 bF/I/T 

signal /*•(. IS r 2* OP 

CAT A CAPACITT l.1E*4 

PANOhIOTh 4-15 Np/SEC/T 




6D T4-iJ>-i.-0A:.2 


] 

I 



Space Division 

Rockwell Inter rvjhontil 


1 I - I i M..’ ■ 

*• A ■ ■ IJ 

T4«'» OM t.‘C IPS 

T4**^ I inch 

r*Pt lENOTr^ T 

PA(>IKC DlSSlT> l««.r ■H/l/T 
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L0A1P3 SCAN AASTEP 

lOolEtO conical 

lOAllO PhOSP"OM O'AA ACT£B ISTICS EDUB-C0L3A PfNfTB*f|ON 
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AC PAsr.E 100 MV, I V. 10 « 

PFSOLUTICS O.l PCT FS 

ACCUPACT ♦/- 0.2 PCT ♦/• I DIGIT I Iw v. 
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CCNVC^MDS ICCUPACT O.Olt PS 1*1- 10 /I 

aj-SAuTl',*. • TmPu I* -^I^S 

2% 1. ?a * HKil’S 

r*M l».PjT, DTw/TT, positive T- .r t r&io u*. 
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13U*3 LCOirAL-l-* ?V 

lOllAJ HATA CU'PUT.. ......,...VA-|A6Lfc 

un*3 

AfSfAA." tS^ •PPS-A|« A.M.’00 111 

fATA ''ISPiAt >tST'** **Anf U** CP r.P’ ur-A»j*cp|C cisplav 

rt'-pppi-p *i\s-C''-ouTf- , ■J3SI cPF*AT|nas C's’-Cc ;:ss:l'. 

ni. 1*,T PB/fAvn -'Aufa, »A12-,A AM.«tFiPP tsO •All-M JMreivF» 

f'-ASSPtS U 

“f** .AT suf •» -rpo 

-PS«/S'- ISC 'Pli-l *2^C3 III 

I :gic I evus 0 V unr.ic oi 

3 V ancic i» 

Sr.SAi ISPiTl lO-PATiatr POPP ttP€ CC^P-Tf- 

Sl'.SAt ryTOjis S^ASPAAO 2fac anO S v CuTpuT 

|*-fP8UPTS 12 LCVEL -ABD-AAf 

IsTPivAi ri-Pi I -iCtOSFC TO 253 SpC FIAPS€'> 

^I»-F CJlnTFA 

ClCC« CbvSTAi PBtClJl^f' ICO ■•*2 

PwPPfP fA-0 c^’^AT|C».f M 

fHASSPLS... 21 

• £SfA?C^ Kf *Pl2-2 «i*03 m 

r •A‘iMi * 1 [I *i<ir I.’ 

A* *. i • ,M * ri«.l t M*|P Pi C SI .SI 2 t Al I 

'yViM tat r. TT. ‘U.'L lA-P A’.Sl,S' I ATrP« 

tSJ|Sc«*lS3 USl'S 10 ntAL tA-P ASSCS lAlCP^ 

CCSTPCL PAtA^EfFBS 10 PUAL lA-o AsNuSCIATOAS 

LOGIC levels 0 V iLCeiC 01 

3 w I log 1C II 


PPIST arC'’“3ID DATA IS T-t PQA" CP iLP»*A-su‘*E8IC C*«AakCTPaS 
IN TCP* P'»P* uP3\ PECWfST -y 'PtaAT^a. 

P3b*a* P|^A Typfc - StAsrAir 

C*-aaaCTE»S. SU-ftPAS SV'AECLS 
^ TfcONU ISf •*S01 *1730 

cr.PT si.’f *.3 » 11 isc*- 

flP* TI-P l« SCC3S0S 

B?SrL ^ICS *C03 C^'AAA- 0I5PLAY •Ki': 

A Q3 * TO -U -A*a|r 


V£«5*u: •1130" 112 

PGS» T»<; cot «ATB|» IGrtHltl 

C*>AaA:rE«S 2 L INF 1*2 

r»*A«A'*^PB SPA-IISO.... 12.3/IS 

LISE IPACISO e.t 0E« IS 

cpEtP ‘CC I IS' S/^fSuTE 

• aiTisr. -PTK.' ?Lp: ta:ST*MC 

lC*lt3 tliPPMSTia SPOOl llli; 

1C*1*3 

10AII3 C^-abaCTE* (.• I Est EC C*<t *Ep*|sai,. Data is lISE *E*C*» IS 

10*1P3 CCSSEBTir. py T..K C^APACTEA CESPSATQ*. INTQ T«| APParPB|AT( QC* 
ic*l»3 PATTrfc.., r— t A.r A.-tPTfp :f »..f S-^IPT aar.lSTPA Tf «c»- 

A vioer «icsal •'< *»** •'•sitc*. 

; .* *. • 

1*1*113 L*4r»N ♦•ri-A^> t.' 0® AC C-AaicTfBS LISE 

;.*ib: i: * 2 * I IS? s 

13*113 ’a*s<*k- -AtP 11- to 2*C0 3Ai/>. li Ct 11 -It 

13*1-; C'AfcACTE'i 

13-lrJ - •:» -al» C® ' -lL 3uPlEi 

13*1*3 

.A*|AS A*A *A;»*r.(3 «AS* JJ ‘ AS* * *> 111 

St f- 10 C-AaACTgas/sEf , 

PaAP* .... C'**.’ISUC*S aDLL P,3|s -IDE 

T*»lSi LiSf "I C-AAAC»F»S 


5D 




RESE^tCH INC •M2- 3301 111 

SCREEN EQiNRTS 22 LINES » 72 C» «J t^*^*CTE«S 

?«. LINES » ChAB&CTERS 

Ch«DAC7FD FORN 5X7 DOT MATRIX 

TRANSEEil RATE I IC TO 2^00 5AC.0, 13 CR 11 *>l T 

Characters 

mooes »*ALE OR EULL DUPLEX -S.*l TChAHLF 

LOCAl QR RENPTf 

BUAXER-«A«C* COHP R2217-12CRT A950 111 

character RATE 2AQ PER SEC 

CHARACTER capacity <MAXl 9«C 

characters/line 4RAXI RQ 

LINES/CISPLAV INAXI 2R 

characters bEPERTCIBE 62 OR 9? 

VIFmING area 5.7S X A. 25 

BEFBESH area 5R FPAMES/SEC 

character OENERATINT. method .... 5x7 POT MATRIX 


AN/GCC **6 ll^ 

623000 digital tape RECrBDEP SPDOl Hill 

^23000 

623000 PROVIDE CATA ^TORaCE FCP OK-ITAL F“0CESS pbocrammcB 
A230C0 

623000 channels.. l^ 

421000 

APPEX CCPPPRATIQN »AB-r00 l?l 


FANCmICxh 

TAPc M IC7H 

tape speed 

RFCORDINS time 

FOBMAT 

tracks 


1 00 HZ TO 3125 HZ ThibcOGm 
3CC HZ TO 250 xhZ 

0. 5 INCH 

1. R75 TO 60 IPS 

* MINUTFS to -as AND 16 **INS 
Oir.I TAl 

R UGITAL. t analog 


APPEX CCBb pAb l-'CO A2A.C0Q 112 

tracks 

TAPE SPEED 120 IPS 

TAPE I INCH 

BECOROING NODE DIBFCT 

PACKING density 20 rB/I/T 

SIGNAl/NGISE 20 OB 

CATa capacity 6.2E*10 

BA.;CmIOTh 2 HB/SeC/T 

TAPE length.. .*.*9200 FEET 


SANGAMO electric kSaBcB lit A26.500 111 

TBACKS 

TAPE hICTh I INCH 

TAPE SPEEDS 8 SflfCTAKlE SPEfGS »»Cp 15/16 

TO 120 IPS 

frequency response 6C0 HZ TO 2.0 HhZ 

PECOROING RATE 6CC KBPS Af 120 IPS SEkIIL hGOE 

mE IGhT ICC POUNDS 

OIGI-DATa CCBPGRATION PlFOU t2650 111 

TAPP SPEED 25. |A.T5, 12.5 IPS 

TBACxS 7 TR 9 TRACK 

CATA CFNSITY IfrCC CPI PhASF encgtec 

200, 556. BOO C*l NAZI 

TAPE 0.5 INCH, 1.‘ -II. 1203 ^EET 

CICI-DATA COPPOBATinS K17C0/PDP-1 l/T-9 lU 

TRACK NPZI 

TAPE SPEED <*5. 3T.5. 25, IR.75, 12.5 | P^ 

TARE 0.5 INCH. 1.5 -IL. IRk/a.SI 

CCNPATIBLF, 13.5 I5Ch befl 

TRACKS 7 CR 9 

data density Phase incoofo 

compatible 

-EmLETT PACKARD r7*:70B/C » 6603 III 

TARE FCRhaT BCC, 556, 0® 200 C®! >•/! *50 

1600 CPI PhaSE-E NCOOf 0 

CHANNELS 7 OR o 

TAPE fPFEO 10 MS IPS 

TAPE 0.5 INC-. 1.5 H|iS, IK-/AS I 

CC-PATIBlf 

RQRS «A4NFR APERT 121 

TRACKS 30 

TAPE SPEED UP TO 1000 IPS 

^APK width 1/2 INC- 

TAPE L ENGTh 2*C0 KEE * 

PACKING riSSITv «B/|/T 

SIGNAL/NOISE 26 OB 

CATa capacity t.lE«9 

BASDmICTm 6-15 -B/SfC/T 

LEACH 7C00 311 

TRACES 12 

TARE SRFFO 12C JRS 

Tapp -ICTh I InCh 

TiPX L ENGTh 9200 FEE » 

PACKING DENSITi 16.7 «§/|/T 

signal /NOISF 22 OB 

CATA capacity 2..’f«ir 

EanDwI^'T- 2 -6/WC/T 


Space Division 

Rockwell International 
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Space Division 

Rockwell Internahonal 


••khLiTT lU 

^ANC-in*** ^CC •"</ 

Channels '' 

■ FCTiDIktr, rravAT QO 

Hl.LftT PAcmir aJCiSC »l47or. Ill 

lANCa IQT»' 300 »h; 

(HkKKH^ l^ 

iECl-»dNC ^r***l^ DIPFCT *** 

HfcatfcTT PACaAMO •3«^UA-0ll I23BJO III 

fAsCtalC'’'** ^CO ft to 2 “*•? 

Channels i« 

•rcoBOiNC fOi«A^ niAfC’ n« '*■ 

hEmlETT PiCsASn • JSbOA/l 3C6f*V l 3063A III 

CCSF tCljBAT |C» »AC* ■OostEC 

TAPE SBfCS IS» 3 ASO )/«•» ISMN I»S 

Channels 

• ECQACINC. cckfkT e** 

PaSSAANO ‘ 

i/\ CB 

▼PACKS 3S 

••CNtTKELL aSaCC I«!T50 

PCAT AhL E tape BtCOfiOSA 
C»*ANNELS ' 

sflectaulf tape spud aance. s/u to noips 

»AM-g« f ANf^ inTH«Dl»ECT| ICCKHE 

PACxtsO OENSITv UP OOCP^I 

kf TCLPS (12-01 

INPU* vriTAGF 2evoc 

hCsfnpEll •'Je aIT*.2J 

Channels. '* 

Sticr^APiE TAPE SPEED PAN*.' is/;e »J ahJIps 

AMi. M:F ItiN 

► All-.- f anc.ILThcUAECT I 2“ h2 

tape HirTM 1/2 IN 

AMPfl CCPP *AE TCC A?P.tBO Sll 

T»ACkS lA 

▼ APc spefo ;ps 

TAPP »ICTh I inch 

AfCCAf^ *nc€ OIPEC T 

PACKING CENSITV 2C -e/l/T 

signal /noise ?c OP 

CA^A CAPACITY 8E* IC PITS 

PasOwICTh 1 hi/SFC/T 

SOIOOl AKAlCG (5C«I C'NTAOtlfA S»30l Hill 

AOSCOl 

AOIOCI SILICON CCNTACL «CCTtPlE» E“PL0VE0 AS A AElAY ShITCh 
AO lOOl 

AOICOl iCGIf LFyElS. lOCICAL'*C* C • C.AV 

60SCCI l'-CICAL H-.. ....?. C - ^.Cx 

*03001 -(ANCE 'f CDN’A" C - IC0« IN 1 CyClF INC®E“INTS 

*03001 

aESEABCh ISC. aISCSmITCh AlOO 111 

CNF AEtulAfO Pf* C-annal 

pESFAAC" INC ANlPC *2000 111 

LOGIC IfvEiS 0«C.. V (LOGIC 01 

3. 0-9.0 V ( LOGIC 1 t 

A‘*PtENr T|"P aance « • a3 OFG C 

AASGI OP C0NTB3L 0 - too *C^ IN ’ CyC INC*E**EN(S 

103900 ■ULT|PlEaEA A/D CQNvEatea SPOOl Hill 

103900 

103900 CCNvEAT INPjT SIGNAL P»C AnAlOG ’C DIGITAL Ept-AT FOP I/O UNIT 
ICJS-.O 

103900 asilCG input -IC.2A tq *10.2J9v 

103900 fjLi scale aCC 

103900 a*SC;.lT|0n 12 PM$ SINABt 

1 039CO Cr»vroiios SPEED ‘ -^2 

•.^TSOO data CuTp.t 2»S CChplE'-EST 

I 555CO 

analCGIC CCBp ••4P2S13A/14A, 130*0 !ll 

/1‘- 

ClGITAt OUTPUT COHP OTL/TTl pAPALLEL ANO SERIAL 

-r».OT;lMC |Ty GuAAAS^EfD 

CUANTI/ING ABAQB »/• C.9 lsb 

BESDLUT IDS A TO lA 9KS 

»NALCGIC CfBP *ANT2CC *1900 111 

BEC Al IMtf IDS * "CNThS 

’E«a!AATuBE aan'.E 0 Tr TO C 

COnvEASIOn aCCuAIC^ 0.011 -S 1*1- 10 vl 

aESDLUTIh^ p T»P0 \0, at KA* V SITS 

2. 3, DB « SCO DIGITS 

CATa inputs OTl/TTl positive TauE lCGIC ONE 

LfT r/LlSf 

CA’A UP ▼r 16 LINES (lA shaft pits 

08 * SCO OIGI »< I 

Arc*ES9 fc Channels - 3 bits 

2 a Channel S - 9 BITS 

*2*000 tape ISPw* jN|T SPOOl Hill 

*1*OCO 

*J*C0J AfCIf-ES.l^DFf S.TAAN»P|TS data CE :,THtF fCulP**fNT 

*l*00C 


C-S2 


sn -4. A. 










«24Q00 capacity 12C0FT1 36041 . U. 5 1 ••. 1 1 . 3CP I H|0§ 

«2««00 TAPE SPfEO 25.ia.T^ ASO 12. S IN/S 

A2A000 AMO 32 CP/ SI 

A2AOOO LONG team VARIATION * -It 

A2AOOO CATa CENSfTV .leCCCPI (PhASE ENCnnEOI 

626000 ?00.5*6r«00 CPI C SB/ 1 I 

626000 

219T00 SlOBAbF pE«IPhE®ALS SPCOl ttlll 

21*700 

216T00 THS UNIT ACCEPTS AOOfiCSSfO OINAOV CATA fPfi* TmF DIGITAL 
219700 PAOCESSOR AND T“ANSLATES Th|S TATA INTf ECUlVALlNT ANALCG ACR". 
219700 

219700 NAaIm^m Sir-NAL AND HOlO CHANNEL S.)2 
219700 signal and HaD CHANNELS PfP CARD. ,6 
219700 

576600 AcTTNATIC PHOTOGRAPHIC PBOCESSOS SPCCl 11111 

176600 

176600 UNIT PROVIDES PROCESSED MOLrGPAt*S AS P AR ▼ OP TmC E LEC tnC-C pti CAl 

176600 IPAGING SYSTE4 

576600 

176600 Cycle T|mE«. ...PFTbEEN 6 TO 20 SEC 

1T6600 PLATE holder SUE ..* INI10C*»I « •> IM15CHI 

176600 F«FECTlVt APE«TU6f AT PMOTO 

176600 PLATE 3.2‘ IN.«§.SC«I » 6.0 IN IIOC-I 

176600 ORTA OUTPUT* PROCESSED m0L0GPA«S 

176600 

OPTICS technology INC R21A U9CS ’ll 

PQiiEP level 0.? TC l.OH«>: 1.3 TC 2.0 p« 

EKPQSUPf TlPf 61 TO IRO SEC; 10 60 SEC 

PQUNT PENCh 

PIL4 Pi ATE SITE.. 6 A «|N 

holocbah Types ^Apnp a<«o iresnel 

JCDCN ENG6 ASSOC PHS-? *«TOO I II 

ACTIVE VlNRATfnN ISOLATION 

LASER 204* mC \E 

SYSTE** COHPQNFNTS..... REAL TI4E PLATE HriOEa. SHUTTfA 

BEA- STEEREB. EEffR^NCE ■IRRCRS 
SPATIAL EILTESS. VARIARlE PEA** 
S»L I TTf B , ENCLOSuP’ 

HRB-SINGEP INC. PP-31 121 

EUR SITE i*'-- 

EILP length 2‘0 ft, 

PROCESSING PA»E 0.1 TO 2 IS. /SEC. 

JCCC6 ENGINFFRINC ASSOC INC •AP-IOC *1210 111 

FLUID HANOt ING SYSTFH 

4AiI»u4 fluid head 5 - 

HUSI fittings 9.1 4 

CYCLE ’ IPF 1-20 SEC 

T IMfNS 10 • 1003 SEC 

hose lengths UP TO 7,1 - 

EL ate hCL DEP 

KILCER ! I/E 10 > 11 C” 

PLATE tmICmnESS SI/E ....... I ■ 6.6 44 

FEFECTIVE APPfRTuaF AT 

PhOTO-PLA'E P.‘ •••• ■ 10 CP 

optical centerline ll.*i C4 

660000 CCTV CA4ERA SPOOl Iflll 

660000 

610003 H|0>’ AESOLUTIllN TELEVISION CAMERA E OR ViEfING* RECORDING 0® 

660000 TBANSpiTTisG pictures be material pRCCLSSING E*PER|PfNTS 
660000 

6600CO BANCnIOTh 524h/ 

660C00 vertical SCAN LINES 1U1 LINES 

660000 hORI/ONTai RESOLUTION 1100 LINES 

6R0000 vertical SfEEP rate ......2S OP 50 FRAMES PE® SECCNO 

683000 sensitivity ..100 IPE UNITS OUTPlT PRCCUCEC 

6600C3 mITm c.1 FOOTCanOlE ILLUPINATICn 

6R0000 

COhU ELECTursics |SC. REllO *19 fT IH 

SCANNING 12i* IINES/fuame 

INTERLACE 2:l 

FRAME rate 2N op 30 F9A4FS/SEC. 

EESOLUT I0N4HARI 1 100 LINES. 52»’/ 

CEDMETHCal CISTORTION 2 PCT ->■ 

SIGNAI transmission 0IS»ANCE ... NOO »EET 

V*^BTICAi SmEEP RATES 1C O® 60 h/ 

horizontal SMEfP na’ES UP TC 

STnSITIVITv IOC IRE LM T S OUTPUT PPfOuLEO 

• ITm 0.1 FT-CANOll Mlf.HUC**T 
f-H The VIOICTN ® ACE PL ATE 

605002 C(Tv CA4 |«a fHNTRUl UNIT ^001 IIIU 

605002 

601002 TFIS unit «Ul PE«fQfl4 TmE Fu^iOmING CPNTbOI fUNCTUSSt LENS 
601C02 FCCUS. LENS F StQP. CONTRAST BRIGHTNESS AND hOOE. The UM T »ILl 
605002 ^C<^» IN »■() 4J0I I ifoNT INiiOuS OBS-RVATI 'N 4r,0E.^,H£»l ||IGP|NA> 
605002 I ION CDNTinuo,.S. r» I2l Put SET O^SFRvATnN mof)f USED m-EN 
603002 UilMrvA^rON IS PROVIDE" 6Y A DyE LASER 5® A NAalO ^LASh LA4», 
605302 

605032 ^canning INTfM£ACfD 2U. TmvclGh l|21 

605C32 LINES Pf ■ fravF. 2« C* 53 FRAmU 

605002 PFF SKONC 

605002 HOR|/rF.TAt scan FA(JUENCV CrstPOi 16 TO T10 M/ 

601002 VfPTICRl scan FfEOUENCY COnTROI I” Tn 60-*/ 

605002 


Space Division 

Rockwell International 
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Space Division 

Rockwell Inteffiahonal 


I f 4 t ' 1 


IN iUNO 111 

lsrfai4C«=0 2 TO 1. TMwrur.M \tiS 

I INf i/“« A'*f ♦ th J4 »-/SrC 

A‘. TMlJBf P»'T»CT|0N NfAN 4U T 0**4 T | r 4 It > il» * 

CCMBUL<. rtOBirjNT4t SC4N fBF; .. tO 
CrNTSflLS VEBTIC41 SCAN EAEQ S3 Oi 60 

3T6SC0 EBA»*E STn«4Cf UNIT SPOOl lllll 

3 TftSOO 

»Tfc500 THE f-4«if ST' B4Gf UNIT PBOvlOCS Nf SOt S Tt u( T | vf BEAOOU’. fB4Si. 
ITftSOO ASP SI B4r£ s ‘lECTBONIC C0*“*4S0 4NT wOB«S In flT*4ta rTMISK'lUS 
ITN^CO QB PULSfL ••fiCE- IT PBCVIOES A Bt4L-T|«»E. NO PnOTOOBAPnl C 

1T6SJ3 PMXES:»‘^t Hir.H SPUCt 4UT0**4T|C tlC«T 40 JLST«»EnT C4»MA '4?4m- 
TTftSOO n» PMrvlDlNO BMI-TI-E N-vltS 0* EBv'/EN ST|LLS 
J 7«)‘ CO 

VIU^ »CB4&f 4N0 OISPlA* StSTE- PB 3JuCtn 0» 'IBCB4TT. 

.» ••OOFL scan CflNVtBSION njmOBy. *«3Cf I **SC-1 

C'^vESTfC unit AnO INTEBfACES fc I Th Tv -CNI T(I» , CCP> B«Cf-I.f- 

an: 4 .iC'icjN. 

»«UGHfS 1|B'4.4ET (l'-PAST •e}«» *S<933 lit 

PfSOLUTlDN I 3SC TV LISE S/« ABf.E T t3t*-‘Tf- 

210C TV LIN' S. I I«l T| Bf s. 

capacity TO TSO.OOO PITS 

«A1*I%'. SPEED 3C •»IC»0S'C/SC AN LINE ra 

?S NANOSEC/OOT 

fv#.t n ■$ TO S PCT POC A »wlt» 

iNs:n9fn sjuABf 

»T'-Ar.t binuTES C 'STINU'Ji.Sl* Bfa:. 

1-10 S StOBAOE fclTH C(Nft(ILtT 
FADE; PPTIfNAt ICNO STCBA'if IS 
aiSTAPLE ';PEaA^l'wS 

'B Av SCAl E VlvK 10 

« ^AiNlE ic AT 1 'N T- t, OM^ETI^^ 

CvEB ANT selected pta’ICS p 
TmE ST. aEO •'•Ar-E 

Mj,r.K AiacpAFT p"Sf*i %:s.T :ii 

ISP.T C0*“*4N:jS PASTES tPASE* SELt!'T|vF :«ASi, 

paste® iPAP^ICS --I’P. 

PB|-f 

Vl 'P I '■UTPl.T NOSPAL Asr ISVEBTf' 

r rp,^» panO-IDTh 2>i* T:: lON-«2|Pr.P S?‘ l I . t,| 

MU'.Ai -TC-NOISE AIT|- T-*CP, typical 

AM0i I TIJOE . .. OWCEP* *NV UN 


A I TTfc 


SPSOl 


inn 


T^-t -CMTU* „ILL display CCT* IBAffS AS PAPT :f T»-E ELCr^'- 
’".pf |f AU !»*4 .1*.'’. STSTPB, 


sPfcCOO 
yPyOOO 
411*000 
404000 
44403: 

*44030 ■ -‘.SI*. » PE3itENC Its ►‘..BI/CSTACI lS-4 ' 

4.4* .13 v*-ilfAi: IS-fO PlUO^/St i 

--*303 v‘4t|rAl SCAN Lists 112* LINES 

4A4.„, : llSfA-n* It PICTURE MfK.HT 

404000 

cr«c IS'. tlEC-anNlCS 1|V BN600 *S2eiJ 

EICTUPE SIZE t-j/16:. p S-3/P« ISC^-fi 

►yObi/ontal scan 94S lines. 50 OP E|tk:JS/St. 

A n L >E s. 60 » .ELf'S/SEC 

VI • PanOnICTm 2C “*</ • /- i 0* 

POfcAP 25-2P.5 .D( . 153 .ATTS 

‘sv»c3 :sp ili rsrnpf SPOoi inn 

»5«*NC3 

Tsq»00 r'lSPtAT rP T-t PSEStNCE asO/Qb natj-e an: »,«•• lp :sciiL*’ns<^ 
1SSS03 IBBECULAP |T lES OP AS ELtCTB|C CJBBtST. STQBAUE aPABILITy (f 
>*SSj: A CB’ riiPlAT IS OtSiBtr fob PBCiCSMC OASfBVATIOSS, 

35PT CO 

T49‘ pA'.'*IDTh DC ’0 I0--2 

»S<»P' j .'NSnivlTr INTEBNAL; 3.2C« ^tEiECMCS tu 

. I **he 

.1 » tE64Aw : 2SC«» P-P I*, p-p 

JSV-OO Vlnf'^ S^-BACE T|«V I hOuB 

Tf VNOr' 

ISC •T«»04/TAl‘J PLUC-IN ' 111 

/•’R TC PLO-.-IN 

pA-, 1- ICTm OC TO so: 

f-ASSFlS 2 

r^HECTlCN FACTDp 13 -V/3IV TQ 1 ,/riY 

> NS/niV T3 4 S/3IY 

Mt-l ‘ » 1/ PAC« *6 - •AN/US--201A M130 111 

-FEES “Il-SPEC PEi;|Br-4SlS 

aan» • I DTh 3C TC 5“»<z 

SEsSITIiITy C.iv/Olv T' l.Ov/OlY 

^'MANSf I S I 

.-•ViltrT VAl-AB- ■lAOD/lAlU »?T50 111 

4 AN .|;Th 4 GP lA 

't*i t'' M ;s -1 ’ * 2 •v 

r»A'.sFi- 2 

c..i:ri,o4 tP«i f ca»a6U|Ty TES 

T..|4 ’M. IS' •*4,6* »•. 4J3 111 

AAS - . ,»* •' TC 1 j3 «"/ 

-asnilS 2 

MTI'?S 4 1C» a • 4.^/5! V T:, ^ y/OI. 

T|*»t BAST 3.01 ^1 C BOSE': '3 I V TOO.* S/Tlv 




Space Division 

Rockwell Internahonal 


Cf' ' 




cv' 


ffKT>CH[a *^230 111 

PA*lG€«CK n S«v/Dlv TO 5v/0Iv IN iO STfai. 

UHCACIP**T(0 CONI v*a TO l2.)V/niv 

• €S»ONCE T|(*E LESS Tnaii t NS 

CHANNELS l,AiTfRNA»(. C hQ<»»E J . ADOt 0 . 1 - T 

Channel 2 •♦up o» isvfsTtOl 

■I (CmT... bG 

CIN6NSI0NS U.T A 52. fc » 10.* CP 

PQwCB I15/210V aOk 

150 ••♦♦/ 

TEKPCnU INC PLUr.-IN/ SIAnO 111 

IB* Otuc-IN 

BANOklOT»< DC TC 10 XH/ 

Channels 2 

CCfieCTION EACTOP 1C "V/Ol * TO lu V/OIV 

tinCraSE ^0 NS/OIV TO 5 S/Olv 

aiSETiMF NS 

«EKl n T-PAC*A»0 #132A SISOO 111 

FANOwIOTh DC TO S00«H/ 

SENSITtViv 100 “ICPOVOITS/C- 

INDEPENDENT RfA«S 2 

wE IGhT *1 PCINO S 

OABBOO ElUlD COOL ING/P f E « I GfP * T I JN UN| T SP301 llll* 

(HiBOO 

ON8ROO THIS UNIT MAINTAINS T i-E El EC tboPhCB E T If SEPa**TION StSTI", The 
04BB00 flUPPF* SilPPl V AND SAHPlE AT A CONSTAN* LON TP Hef a A TijA E . IT 
04B800 CCNTAOLS ThE TChoEPaTuBE Of ThE GAS fll«lNAT|CN STSTE**. AlSC 
04BB00 IT COOLS • Oa hEATSI ThC PUEE E b/SA»»PLE SOlUTIQNlS' AND Th| BU*EEb 
OABBOO USED IN TmE ElECTBOOE CO“PaB T*.f m 5 q* T**f CCLUNNS. 

04BB00 

O4BA00 CONTirLLEO TEhPEBATuBE BANf.?,..-UE TO lllE |2S T: ^.SCl 

OABBOO TENPEBATJEI ACCUBACT l♦/-0*S^»CI 

04BBOO StSTEN BECCVEBT Tl-f. ninuTES 

04BOOO HAIIMUN hEaT BEJECTIQN 2k» ThEbnal 

04taoo 

BBB500 LASE« CPTICAl SCATTER ING -(SlTOA SPOOl 21111 

1885 CO 

1M800 Thf LASfP QPTICAI SCATTERING HCNl I3» aILL PP.iVlDE a aeal 1 1 
S88800 NtASUAE Of LIGHT SCaTTEBINC IN A SPECINEN AT ant 0ESI*ED pIASub- 
188800 |AG angle. This data klLL PAQVlOf INEORNITICn Cn TmE SI/E* Shape, 
185800 QAIEnTATICN. INDEa 0* BCFBaCTIDN, CONt ENTB aT I 3N AND LOCATIfN CE 
1855C0 optical SCATTEBINC CENTfBS. 

1555C0 

188500 laser ItbE . . .LC--pO*E « UV Ga S OlSC"ARGf 

J58500 EUTE* BANDnIDT*- fcf - S |N.(0.1NM| AT hALE PCnEB 

185500 SCAT! E*E0 L IGhT INTENSITY 

1885C0 ACCuBACr.... C.lt 

155500 ASGUl Aa POSIT ION ACCU*ACT I *IN I0.1-*. AO) 

158800 

488618 UVVIS SPCCTBQmeteB SPOOl 21111 

• 886 IB 

488618 mEASJBENENT pE SAMPLE CDNSTI^LENTS PASEO ON ThE L.V ANC VlSIRlF 
4<86lB spectrum. 

48B61B 

488419 AANGE 183 TO 1003 Nm 

48B61B mAVEL ENGTh/«AVF NUNPEP ACCURACY,.*/- 0. I N- *S 

458618 BESCLUTIJN 3.0* N" 

459619 RESPONSE T|mE 2 SECONDS 

488619 scanning speed 3.02 TO 2.0 Nm/SEC 

6886 1 9 

VAaiAN isSTBoMfSTS aLLABy IT A2B133 111 

■AVEiFNGTh AANGE IPY-2650 N« 

WIBIAN ISSTaUNENTS *CL*RT IIP 8164** 111 

NAvEIENGTH tANGl lAS-iOO N" 

CGLEPAN •*#» |4«DD 111 

EBfwJENC/ banCE 198 TO 800 p I L t I hTC »r NS 

resolution.. 0.2 MILLIMICRONS 

READOUT digital 

mAVELENGTh accuracy •/•0.8SM 

COLEpAN-hIT ACHt iFPS’M A1 1800 III 

EREDUENCV PANG* 1 *C TO ?f30 m|Il|m|CRCKS 

NAVELENCTh accuracy 0,* PILL IPIC • JNS IN v. T 

1.4 M|.t|HUaCNS AT 100 TC 603 
-HLlMlCBCNS 

2.0 pILL’mICbONS at eoo TO TOO 
“ILL 1 PK A JNS 

5.0 -III I-ICR^JNS IN M R 

PItalS ElMfR iNS’ajMiNT ^|v • 12) 61823G 

■AWELINOTh aiNGf 1*5 TO 2500 NANCNETfiS 

**ODrS i.v afCOROFR 

AlTOMATIC REPFTATIvE S'^a* 

G ■ TyANf® klSG AInOB 111 

• Ai^eifNCT^ tANr.i 210 Tr, SDCi. n- 

•ccfs; »!»' 512-C10 1“ A’-tESS'-PlIS 

1»C- C*iO 'Y ACCf SSOAIF ^ 

ICS *L E.. Tt )4 ITAE 

HAT-1 FSGIh AC UBACt ] SM 

AATiifsrTH bcadout PiGir*'. js nm 

lH4'TtMffB|( Af( » ♦/- O.AR 


4 . 
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49171 T*.|S UHIT •IOLOOIC*L S*M»l(S SV U CC T«CPhO«E S I S . 

«M7t RELATIvELV l**C€ SAB^LEi. AAA«Oll •M Tl L t 10 CC. nUl BE ABCCEItfO. 
••»?• $AN*LE A40 BuEEfB f 1 0¥ fclLL BE CONSTANT ANO ^A*»#U »BACUC** 

4fJT0 CClltCTfON continuous. 

44S7I 

total BUEEEB ANO SAHCLE VOLUNt.. AXJ.IN. llOOOCCI 

n*€BAr|NG TEMPEBATuAF •« ^0 Ef-10 SCI 

OPEBAIJNG Tf«PE^ATUB£ AtCUlATION •/-if I*/-ICI 

SEPABATION •BOMU ACCUPACt... • /- . 004 | Nl • /- . I I 

position NONIfOA ACCi/B AC V . . . . . * /- , 00* I Nl • / - , 1 ■■ I 

EAACflON outlet BOAT LOCATION ACCUPACt • / -. 00* I NI ♦ / - . I 
input voltage SOOOV 


1441TB 
rSlJ TB 

1443TB 
1441TB 
1441TB 
1441TB 

+ 441TB 

iMJrT* 

• UCHLEB PVE4 IGllA-CS* 

INTEBNAL OlANETEB 1 I**" 

length 140MN 


ni 


in 


SPOCl 


144140 SfATICSABV EL E CT AQPhOB E T IC COLUMN? 

r49WarT»-F STaTIONAPY ELfCT«0P»V^4PTIC COLU»»NS HAVE T*o anticipated 
144140 USAGES! IAIT3 ESTABLISH PBQCESSING AND OPEBAT|NG PABA«|TEAS fCP 
1*4140 The C0NT;NU0US EIECT#04FT|C COlU-NS, AND IBI » 0* S»ALL PATCh 
1*4140 P40CESSING I APPAQX IN A T El T 0. ICC f . 004 I N**! I I QE VAPlCuS 
1*4140 biological COMPONENTS 
^4^40 

total BUFFEB ANC SanblE volume 
S fPABATION velocity ACCUPACV.. 

POSITION mcnITOB ACCUPACV 

Qpepating tenpebatube BANGE... 

TEMPEPATUBl TOLEBANCE 


l.SCU.IN. liSCCf 

• /-0.0*|N C./-lH»i| 
•/-O. 0*1 N I ♦ /-I HM» 

lA TO «1> I-IO Tf SCI 

♦ /-if I */-lf I 


1*1140 

1*4140 
1*4140 

1*4140 
1*4140 
I 441 40 

A64*dO CAS elimination SvSTE" 

004*00 

00**00 BfNQvES GASSES PtOOuCfO Bt FLErTpr\v£|S IN ThE ElECTBCOE 
00**03 CC"PABThENTS Of The E L f C TBQP mQA f T IC COLUMNS 
00**00 

Outlet oavgen concentaation... 

Outlet mvobocen concentpation. 

MAX fLON bate 

ELOm bate constancy 

opebating TEHPEBATUBF 


t§ 


00**00 

00**00 
004*00 
004*00 
004*00 
004*00 

^lOOOO BUEff* AND ELECTBOLYTE SUPPLY TAN«S 

Aiddoo 

17*000 PM MCNITOB 
17*000 

17*000 NEASUBE acidity ANO ALBALINITt OF SOLUTIONS 
17*000 

PM sanGE *.? TO li 

selectable PANGES any i 

ANY • 

ANY 10 

BFAOINC stability O.Oi Ph 

LIQUID TEMpepATuBE panGE...... 12 TO ili 


*.f30l 


n I BY VOLUME I 
il I9Y vOluMfl 
TBD 

• -11 

f 120 - :•< Cl 


1 1 n* 


SPOOl 


LSIO IN GP .AB ALSO 


17*000 
~l 7*000 
17*030 
17*000 
17*000 
17*000 
_1^000 

Ie^apan instbunents pphasab I 

PH BANGE O.CO *0 1*.00 

BEPFAT AFIL I MV, • /- 0.01 Ph 

AUTO TfMB COHPENSATICN * 0 *0 100 C 

CIMENSIONS S- l/*Mil 2-l/*«i B-« /BOI I NChi 


10 TC 100 Cl 
1S70 


imSf r inriWlf t ‘ m ' 




41 000 

•ANCE 3 - 12 ■>« UNI TS 

SPANS 2. S. 3B 10 Ph uN|TS 

stability •/- 0*32 PH UNITS 

AMBIENT TEMP AANGE -7 TO SO DEG C 

IIOUIO temp banCE 0 TO 100 OfG C 

AMBIENT TEMP COffflClfsT 0.002 P- UNITS/OEG 


PEBAlN ElmFB CCBP COLEMAN 2BC A24S 

Imetbicn IyI 

•ESUtUTION 0-l*PH •/- O.OSPh 

ACCUPACY 2t FULL SCALE 

FECPMAN INSTPUMfNTS BTA0C7 tSSO 111 

■ANCE 0 TC I*PH 

ACCUPACY «/-.0SPh|*/..01Ph| EIPANOIOI 

BEPf AT ability •/-.C2PHf IPH.OlPHiEiPAUOEOI 

TfMP COMPENSATION 0 TO ICO C 

■fCCAOCP Output ub tc 200 ■« 

BOnEB 1IS/210V SO/40 Hf ISP 

ciM^NSicNS ainixp inches 

MEIGhT 4 lbs 


BECBPAN instbunents B10040C 4*20 111 

BANuF 0 tc 1*PH 

ACCUPACY •/-.CSPH (ulL SCALE 

BCpEAT ABU |Ty ♦/••02Ph 

temp compensation 0 TO 100 C 

POnFP IISV lO/AO H/ 2to 

CImenSIONS ll.lti4aS.IB INC-fS 

NT IG»*^ »*2S LBS 

PECOAOEP OUTPUT 10 TO 1 OO 


ITYOOO »PAC»ION CQLLFC^ION SYS»»" SPOOl lim 

I rruoo 

! TTOOO This appapaTuS mill **Ay> FuN/TICNM 111 »0 COLlirT t„| 

iTTcOO OESIPFO FAACIIJNS aFT»a ^IPAPATiO*. anp I 2 l *1 AImoyI ’hi HCfH 
1 TYOOO 4UAFIP SOl-tTir* ant PfPAtStNG uiN ■ * I T SAMPifS 

I TYOOO 


Space Division 

Rockwell Inlernahonal 


Space OiviskMi 

Rockvvell International 




jSlJoj !.• CU.IN/-IS • JO cc/«l>» 

ITTOLO ■all accwaac C. I* 

ITTOOO aLui*aau p --a pgi <.at ic*. C.CiaJI *./■?» 

IJJOOO TF“ar«aijif 

I TTOOO 

ITJJOO H ■ i*»OOl 111 

I 'F)JCO 

ITIOOO G*S *1'* •’{^raSSG aNO •C^f^OaisG CE<rlCf* 

I tuqo 

ivioco ''•as TtPi OaiCfs, sira3CI>t •^ELIw* 

I 71000 '.as no* -atl 0.* TO 0*3 c§/«a 

iTioao o»J TO J»o 

17)000 

T!C*-k:i or.»/vf as aTunsif s |nC a«70 i 

CuTPu’ I S ISCL ► fNDlCi 3-a*CC wlsfaa |^ *ass »lC» 

OuT«oi |•P^’^asCf <IC 0*“ 

•ffwa at r i aasr;co’ f » 'Oa-^f 0 * TZ K'la 

• 0--i0**w 0 ?31 • i 

UNia*|TT ►u-t SCatf lasi 

aiPtafapum •Ca-C.;t »' •fa'iis. 

CauiiaaTijs aaissv>ae l aT*osp**fa! 

STD CaLia«aTiTN Tin* aasj* la rc ilir 

■fOlU- 71* 

Ti**( c<"MTaM Lfss t*«4s c. sfC 

paassuat Oara lESS T**as 1 In 

• lanoui It aaNO ^laa^'a sCaiE 

c-icct »iCp aa^c 

awauAMP aasCl 3*12 TO 3.6 Cu ft Pfa »|^ 

Sir.sai crsoiTlCNfa 3 ’0 *0* 

laassOuCia **! 70 Iloa 


po«plNw* "all ac CwP aC •••»••••♦* C. I ■ 

ALi<i«aaif p i-p ptji sat ic*. .c.ciajl i*p-»c *»/•?» 

TF*pr*atjar (•/-j.ici 


sPQOi mil 


iJaTOO LtCP*<I L I /aT I iN JN|T 

nsToo 

SCIN^IF K pa 00 o''Ts ri . 

CJM |..(j«ariL» , 


T»Mp|«A*j*iF pasGP 


1*301 mil 

t'^7C2»-S ail93 111 

aEs"- E3ul* 

t*r»r7 LOaOISG. SIs'.v.f S»<fet.» 

-*C '0 12’ C I-N3 T 273 M 


V l*t IS • .NiTtAP f I 13- IP. 

lf*»pfaATuaH**lNl 

Ca,.* aisl ii:** 101 a. IIOIM 2S.*C*»» -13- 

COS* |C..aaTi-s ‘LCCa -OwN^. PCaTASL! 

vaCuo* sjT IsCLcDFr 

Siairs’ .Fit- srtfsMPif c:. •s-^iiai-ac aisu lu 

I 1 * ri«Pi«aTgaE -eia 

CaPACrt 12 llTfiS 

vacjo* 7 Picaos S 

Pij*»p CaPACI’v lac LlT«*S/«lN. 

• .J a*r lacul a» IN'-. nulO |KCw*afrja 7*301 11112 


... 3 TC T3TAC Oiv/fs StT.'a’irs 
... •/- If ^ 


/l»nj a*r lacul a» IN'-. nulO |KCw*afrja 7*301 11112 

21»‘*'3 

aisjoO cisslivi' asatT/i* Sp: 31 Hill 

а) * 

aisjc: »*•! JNP -III DfTffci*m» '..f a*;unT c^ CISOlwtO 0*»GCN **6S*M is 

б) 1003 »-f llEf^aOt*T| A*rf* r has afEs »a:CfSSI3 TneQUO^^ Th{ caS 

611003 ELt^lNArins ItSTF*. it »Ul «CMTCa OitOEs OuaisG a afaCTics 

6)1300 tgPMl*FsT P -ILU atSCi FjnCMOs aS a SAS*OiiS ''■tGEn «(MTCa 

6110C0 / 

asioco : 3NCEsTa A» f -!S aAsGE 3 tq T3tac 3«v/fs StT.'a’irs 

611003 accuaact.. •/- 11 ' 

■ 11000 aeSPONfF riMc. a:i aCTuat. Is lOSECCsOS 

■ nooo sa-*vf »f6Pt*Pjat 12 TC *.10* C3 *3 ■)C» 

6)7033 
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-IP'AT Ai»lL py .11 as 

atSP-^NSf Tpf 6C1 is lOSEC OaSFCwS 02 
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T(-'«fcATwaf iAS .f 3 TC ■! C 

PH--** lllv 10/63 nl 

'I-*NS| NS ll. )71A9<1. )’1 I NCh£ y 

21. 1122. m ). o C* 

• I t :.ev T. « 16 S ) ). laO) 

*FC«**s 'sS’auSfsTS INC aT’a a'OO 111 
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nH»f.A'..ac AASCr 0 > *0 OFG C 
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610C3C S**' a“Pi • ’ »A*«7 IP--. 

■ 13300 

*c ’30 3 »*l’*.i’AT l..sCI*lisi« Sa^rj .1112 

607030 

607333 «p . • ..v’A.f ’C ?P-'- PaTi saa. • psTis^r.S «v. 
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40T000 

OOT»UT ¥ail4GE C.lt 

40TOOO VOL VAGI 2^ TO ?)00 <tOC 

AdtOOO trAOdUTS lEvU. 

40T0Q0 »OMr« OUTPUT TO COUi^^S 20 m SuSTAlNfO 

AOTOOO 200k AfAR 

40T0O0 

JOHAI FLURP»«TG (P INC •415A »^T5 111 

CUTOUT VOLTACl 0 TO )IJ0 VOC 

CUAAINT 30 "A 

• ^GtJLATlOH O.COC^t 

STABIliry •/- C.Olt »(• PAV 

T ■ JK5 lOVNfc CFN^AAL C0«P Al<»T^ 

VOLTAGf OUTPUT 0 ■> ^ R« OC 

CUPPENT OUTPUT 2C0 PA 

PIPPLE LESS Than I ■< PPS 

ACCUPACV C.l PC* 

SOPCASEN POCPAOCO-.2^A Al-AS IM 

OUTPUT voltage. AO TO pOOOV'^lTS 

CUTPUT CUPPEST 0.2A7AHPS 

PEGULATION •/-O.OTSt 0* ♦/-l.-'v 

CONE I CUP AT ION. PAC< m-CUNT 

SIZE .9*121 /All AIN 

I TO LAI A3«Gl 

"229SOO CAPA FlfLO lUUPINATOP SP3CI 21111 

22*^00 

OABTOO PCEBIGEPATOR SPOOl Itlll 

04BT00 

04AT00 This unit mUL be USEO EO* COLO STOPAOf 0» AlOLXIfAl SA-PLES 

•4BT00 

OABTOO TEPPEPATUPf « PBA IC - 20C 1 

Oaitoo length 2E : lAOCHi 

O4BTO0 A IOTH. ......... t.BTT |AaCp| 

OAB700 HEIGHT 2.8E1 I AaCm| 

04B700 

m4Tn(SON SC lENT If IC #12C3S-2' 112 

(APAC ITT 12. 0 CU T T 

TE-PE»ATuPF -lA TO 27.0 C. 

ShIALOED APfA NONE 

CINENSICNS 12*32140 INCHES 

EiPLOSICN PPCOE TES 

CCMPIESSOP 0.T7MO 

P'^mEP 115V SO- 40 S.A* 

mEIGhT 2‘S LBS 

17B200 f PEE ZIP SPOOl Hill 

17B200 

17B200 This UNIT 4 ILL Pf uSEO ‘Ct COlD STOpace OE BIOLOGICAL SAMPLES 
I 7B200 

IIS2Q0 CONTPOUfO TfMPEBATuPE PANCE..-IJE Tf) 1 1 IF I-2SC TQ aSC » 

17B200 length ..ITT ISOCMI 

ITB200 mIOTh l.BiT ISAC*"I 

iT#200 HEIGHT..... 2.0FT lAACMi 

1TB200 

PfvCC PULT>10SA tl060 111 

TEMP range - T TO -AS : 

CAPACITT 1. A CU T T 

CINENS IONS...... 3A*2A*)T INCHES 

MflCHT.. 2TC IBS IShIPPINGI 

* llvv 40 h2 TA 

capacities AVAIlALBE l.s TO tU F» IvtR.PPICESl 

108400 CEhAA SPOOl tin: 

10B400 

ICB40C This unit hill be USEH for COLD storage or biological SAmpl.es 
1 0B400 

1PB400 TEMPERATURE -J12F (-AOCI 

IOB400 length. ..lETMOCMI 

10B400 MIOTh l.BFT | S^Cm) 

lOibOO HEIGHT 2. PAT I BbCM| 

1CB400 

CPTCCENIC associates p|P-« 0 AlOtO 

capacity O.bi CIO. N2 

HOIOING time .........•.••.••24 HCiJIS 

CIMANSIONS 4.2S1N 01AM. A. SIN | CNC. 

ME ir.HT ...1. Si Bt empty I ,2. SLB I TULL I 

410000 mastf liquio tani SPOOl iiin 

4 10000 

004400 MCIECUIAP SIEVE SPOOl 4|11T 

004400 

004400 The mOLECULAA SIEvE is USEO to clean gasses GENEPATED it FUPN4CES 
004403 ANO TimauSTEO n SPACE. This unit is also USEO IN The TuARACE. 
004400 CENfPAL PUAPCSE ANO LEvITaTION SUBELE«ENTS 

004400 

UNION CAABIOI COPPOPATION •rvPT n* IPOmOERI tl.43/lA 114 

IPEUfTSi Pl.SR/LB 11* 

Ttaes available POMOfP 

I/IA ANO Wl INCH pellets 

fcOMlNii POPE OIA“ETE« IOANCSTpjm 

PnuPEO OEnS |T»| AyEPAGF I IALB/CUTT (PELLETS! 

SETTirn AUL» density %2 LB/CU ft lAELLfTSl 

hyOPaTEO met CENSITy 1.4S G/CU C« IPCrOEPI 

ACTIVATED r*PT 0 »nSIT 7 l.*l G/CU C« l*OMriE*l 

CPliSh STPENGTh 9 ti 11/14 IN PILlfTSI 

2* 10 I I /P IN PE lie TS • 

CPySTAL «ORm 0( TOHfOPAL IPCmTEP 

Yf«* r* ABS''PPT ION IPOO BTu/LB h«'0 
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*10030 

tCCcAST SuP»LT TAM 

SP3CI 

11115 

*10003 

*19010 

*19010 

1I*C00 

1 SQIlEC’a ir Pprol ING UNIT 

SPJOl 

III u 

-CT .ALL ’UBI PjANACI 

SP302 

mil 


luodo 

11*000 unit A CI*«I>*L •*Uft^OSI vALL ><fAMSG OfvICf 

11*090 ••OwIOlsC ACCw^aTf cOs^tOL C^Fa t-s <• ^ 2 S^ r|«afaAtui{ sr- 
l*«009 •fJ*ICT TC a PLA' •■DPltf 3* ’C a SPfflPIfO G*aCIfNT P»fPIU. 
ItiOCO 

vacuu* LlVll H-* PSI lM5t-4K/-lt 

CPFPATINS TfaPfSA^uAf .^20CF I1230CI 

MAS (ITIAKAL tkjAPACF TM*. ... . U 3P UlCl 

••3T Z3SI riMfSSOHS ...2.9 !». ls:'*» CIA, A aIS115C*'llsC 

HAIIWu** 3P«|AT|QN PIC^ PkAT 

PAQP ll k • • » 


11*000 
11*000 
11*000 
1I*0C0 
1**000 
u*ooo 

l**OCO 

AlTiC ISluSTStfS INC aAa22 

hot iOM OlMfKVICiS 9 c** DU. 8» 

•Ai SJSTAlseC ;auc 310 c 


II030 

as c» cCNN 


• 599 


1 1 1 


UNCAFP^ -fvl-OuTv •MAI'* 

PAI 3PF«Ar|s2 rpaPCSATjaf 220 :p IWOSCt 

CHAMfia slU •*..». IIN 1 . 0 . A WIN lC*iG 

P3a(A 9TC» 


LfCC 


lSO*irTlCS PyANAC! 
T|MafAATjfM«AA I ., 
»C«FA 


■921- JC3 


• 15T0 


>9:cc» Ul’COCi 

1.9PM 


lAaSCO hCT MAtl puasaCF Spo :2 21111 

1 laOCC 

lASOwO TmIS unit is a GPN(AAL PyAPCS?. ■ALI -PATISO 2 ?VIC? PSCviriNa 

llaooo ACCvJAA*! wOP«T*t’L OVfA Ti.| . 40 ^ ir Sf Tt**AfAATua! pI»h «tSPPCT *C 
llaGSO A PLAT paqpilP Qa ^0 A S»CCl*I 2 r GaaCIIST *»CfUE. 

IIACOO 

IIAOOO VACWU** LfWfL .... 21-1 PSl I 1 . 9 P-*K /**2 I 

11*300 CPfAATlNG Tf«aEAATjlf 5 ICCP 4 U 00 CI 

IftOCO EiTPANAl S 0 «PAC( TEMSEAATyAE . . 1 1 3 P <a 9 C) 

lt *903 -IT 2 CN 2 31 “£NS ICSSI" INI llN. 1 2 . 9 C “ 1 3 I A , I 9 I S . 11 JC • I cCNG 

IIA 3 C 0 MAPIMJ- OIVUMC^ PAOM PLAT 

11*003 PtCPItl.... |*/-%Cl 

11*900 vIP-P^ATS 2 

1 A* 0 C 3 

ASTtC IsnuSTiifs tsc aliocv - IOAO -«1 tJlOO ili 

hO* ICKi ni»fN 5 IUF.S 2.9 C" DU. At 19 C •• LCKG 

■ At SuSTaIsEC Tf«a 1100 DIG C 

TUe TC •Pm*E«ATuAP 10 M|HjT{S «A I 

► EATING PLfENT MOLtBDfHc" *9 9 « mITh •*CLt*DfAO“ 

S-EET PADIaTIOS S-ttLOi 

rPFAAMON eNVlA 3 NM£N ^9 ......... VACcU". 1 Nf » T &AS. AND APCJCI **0 

At«OSP-f AES 

CasEAvATlOk. S-L.TTPAED ■A 3 UL VlE*»CPT 

ACC'SS TCP AN'J/OA 9 CTTC- 

CCOl ING bATEA CCOlED 

LECC «vPA aoaaa-OOI I 20 A 9 111 

TPMPE aaTuAE<hai I 5000 P UTOOC) 

CHA«*f* OtMpiiSIONS.. AI «19 1 /AU I lOM T. M 21 C'<) 

1 A« 

LiNCefAG • 91 CCC *1590 III 

TEmpeb aTu«E (**AI I . 2 TQCP U 900 CI 

CHAMlfP 0 IMENS 13 SS Sp 9 a 12 U 1 1 9 . ax I 2 . t i 50 . *C **i 

9«m 

IIAC 30 ChEST-CCNEPAL PjAPOSC C«*ClOSuAt S »002 51 1 15 

1 1*000 

1 ** 3 C 3 T»-E 3 ti»*av PuNCT IC»« OP Tm| EKClDSJPE IS TO ISOLATE ThE HfiTEC 
IIAOOO SPECIMEN »A 0 " Tm£ LAAf'AATHAV CNVlAONHmT, *3 T h THf««AlLT AXD 
11*003 ATmQSPh* » ICALL T. ASO TO PAOVICI A MfANS TO ST*uCTtA*LL» ATIACh 
19*003 TmE vAPICuS HfATisc ELEMfN’S aa .0 ACCESSO*v |Tf-s 
11*000 

IIAOOO VACUS.M LEVEL .... 2 E- 10 PS 1 ll. 9 E-*N/M 2 l 

11*000 maP|MwM INTEAnAL tEh*. 9 * 3 CP 1300 X 1 

19*003 MAI IiTEASAl SoAPACr TE«P 11 OP <* 9 CI 

l**C 33 -CT ICSE DIMfNS IQNS 1 ■ IM 1 1 N. 1 2 . SC *•! G U . P* I N 1 I OC • » LCN& 

IIACOQ *JLL length PACnT CPCNisG CCC* 

1 9*000 Vila POATS PACNT.AEAP .2 S I Of S . 8 3 T T C * . T OP 

18*000 »tAN 3 P openings T 3 P.ICTT 0 M .2 «aCh SIDE .2 

l **000 

SATIC 5 rST|»j avC- 23 E lU 

vACjy* CapabIlI't 1 . 5 E-* s/S 3 • 

iNCLOSyPf CCNSTAuCTICN 00 U 8 lE-»ALL *1 Th »ATfP CCCIING 

OP all S^'ACES 

COCA Pt>iL length «#ONl OPfMNC 

tAC.u* PjMPiNG connection ...... 19 C*» INSIDE P’* ON LCmEP C-EST 

INS*- -fSTATics lMO-IS 13 C» iNSlOf DM uPPf* C-FS’ 

tACJwM SIAlING -f TAV-TO-Mf Txj^ SEALS 

AST*C IPyPNACC' » 1033 A »*|T 9 115 

9 *C 0 P 15 3300 

(•ESSjAF C AP A 9 I t. 1 TV • vACuU* TO 19 PS 1 G 

PC«!P SuP*lt IJPvA 

► 0 * ECne OUEnSIONS 2 .A*IN DIA • * Is. 

CCClInG «»’M 


c-*c 
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•■STISIAlS .p-/-.. »»5. ... il< 

C»f4ATi«iG t (^er»ArJa f to iOOOC 

COa»ATin.f ■!»« «f lHO«H.T|r»i 0*- KfC’B'l** liiA** 

>«v« 

%aCuu«. 10f*e TQaa 

aeoCtSS CHA*»»c* l^*W *<!•.. fo »»»<►* Hfu JA- 

C !• icMlJAiAL SOI lOI# 1C AT CN » t ^PCO*' : I . ; - 

l•9A^0 

ia54.%0 TelS UHIT c:)*isisrs Ok A kjAlSAU tKJ A ( ft U I UMJT. SO»r|».*S A-f 
»-eA»tO. "OVfO T-aADuGM t *«fa«Al GBAOn*»T A-»A ASO T«. s |\»^ a 
I t^A^O CCfll isr. AS(A. 

IDASO 

ta5490 C»*ltl UMI 01»*tSMlHS, O.f I *. * I . V" I ! .0 . J - . - 

1M450 L jsr. 

li^AiO Cf-IU CABACIlt lA*. THfS-Al 

e»AfINCliS|T DI<*tAiS IONS C,» I M ^ I I . 0 . » a 1 \i • I I *. 

M*ATfe Capacity l«»i T»-*AtiAt 

rc«PfPATu«f GSACIFN* AOJuST 

taSASO AANGi ^ T «iOOk/IS i? M .00C-- -I 

14S4S3 HfATlB «Ai TI«Bk*ATjaf ^AOOkll^OJTI 

ta9^)o c«iii uMT i«m Tf«p »- t TT> v: i 

ia^50 fATfBHAl SUAkACC TJ-0 tO Tl U 0* IIS T^ tJCI 

lasASo 

OOMIO ACOUSTIC **UIS.. AND OISPFBSAi uM » se.C. » l*r 

001113 

6?a013 HICTif-A'iNFT IC ••lili.L ASO C I S«»« a SAi UK| T >f.; U*S 

e^aoio 

A 19 S JO |B BVBJ^fTFfc S*»3*./ . T. ; I 

A I9S00 

AI9S00 T»-t PYBn^tTkfc >PriCAlL» ‘.FSStS Tf-i JMlN.ITt |'. «.A'iU‘* •* A.t 

419S00 FT'ITTEG k*u" Trtr SA*«Pit -vUSkAli 

419S00 

419SO0 fr^PfeATust aanG( I JA Tj *t.C3 » i .. i t > jz .: :i 

A19S00 SPJfTBAl AFSPCNCE.. % ’* • 3. 1 1 , lt«« T * - . 

CAt I XB AT t')N ACCUW AC *•...♦• */- II * '.'i t Sf A I c 

BFPAATAPUITv * f~ 31 » U i VcAif 

919S00 

BT«C«'FTfA |HA|Au"FST CO •PhOti I] IJASJ li< 

lAOO TT ?St,Jk I TAX U IfOOCi 

»aOO TC lACOi 11103 Tf. l^OOfl 
T/UO TO SnoOkllSOO Tf I^OOC I 
CAN PATAIN 90Owk ISOOCCI 
ACCUBACV... 1 /At 

• FBE AT APIL I TV C.COX/*^* 0« I k T *T ;Ca»( 

ANAtCC OEvICfS INC. BAOC-TS AT*5 IH 

■ I SOI UT ION B HI IS 

ftena 

CCSVIASION Tim I “lillSAC. 

ANALOG OFVICES INC. «30S Ul 

•f SJLUT ion ! ? 9 I TS 

{ilRijB • /- 0. 01 ? '>K 

CONVFBSICN T|«T ?A»irB3S*C. 

ANALOG CEVICFS INC aaOC-UO *1'A0 ill 

BESniUTlON lAPITS 

[••OB •/•O.OCIS* 

CCNVTBSION T|*if ACO«ICBOSfC. 

TENNELEC BTC ->00 iftOOJ 111 

CONVEBSIOS 3 TlfBO SEC 

C AB AC IT V . ?CAI* ChANNMS 

n|Ih m| 

TENNELEC ‘/O *^SC 111 

CNANNEl • 

CHANNEL ONtll T |i»l TOuNSEC 

CONF IGUB AT ION Nl»* CO*PAflHlE 

BCmOE ano SCh»aB7 buC- 710/1 HI 

I 7?l.*NO».C7l 

ANAlOG INPUT AANGI *17 TO -1? vOL T S 

SANBl ING BATE > 1 PCOO N^AS/SEC |PfS|Tlvfl 

> ITCOO HFAS/SfC INFGAflvil 

CAIA tHJTPuT 3*1 riCAOfS IHCOCOOI PABAUtli 

0-1700 PULSES I SFBI Al I 

PTBO OPTICAL BPT A«*»S 111 

IFHPisATiiBE banged lAOO TO ?7a'T» iTeO If I 7 1 Of I 

IBOO T^l 3A00F |TIS7 TO IBTAc 
370C TO S70QF U TSO Tf 7PH0(I 

mV-CAI BP-B*07-P SNSO 111 

INEBGT pangs I WO CCNSTa»TS 

VIEW angles »0 lAOOEG 

OUTPUT ' OB lOHlll I VfUTS/ SCLAA CCAST, 

laeoco /CNE UTINIB SP007 II117 

{SISS? fn uMt .1.1 .1*>. «H-> ‘to • ifKI... '7 'ft', 

ia4003 •IHNING ANO -iM t E N MINI CBtSfAl (.BObTH. IT •III t AUM A P^lfN 
laaooo AEGION to ItAvi-M AitN. A I DNO < n INDB 1C Al bOO (J» «A T| H Ai , 

lHoM SBKI-IN Sin * H IN 110 TO 10 

0.SINI0.7A TO I.7SCPI OIA 


C-AI 


♦ - :»A 


>. L . 
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11*000 SCASKisC :tSr4SCIS... L» ^0 12ISI)0C*I 

104000 SCA'ONISC TH 20l*«/**|ki ISX«/(*C<I 

104000 s*fci-fH earAfion c ta 

104000 C»| 4 aT|«iG TEMaflATueE tc 2 « 03 f tsoo TO taOQCl 

114000 

■4Tf»r*LS ■fSI4*C- CC»» efl/>eC0C 12933 U2 

USAOlI S»0CI"fS SIZf 10-10 C« IQHG. 3.21-1.3 C* CU 

ICAM SCjtCI ■□!>« ACClL(4ATf3. A»iliClA* ^ lLk~ 

■fNT aIT»i bCA> ^XLSIAG SuAfA- 

STioCTuAf 

00«f4 SUAALV 9 AV, «Q0 ••A OC 

fOS€ TiavfL 21 C» C1S»L4 CI"(sT 

2.9 - 29 CM/Ha Bir.. AUTCmatiC 
5MyT-a»* AT END 0^ 1CAK 

lINCOEAG aOAOOC 1«T9 111 

Tniel fONt CON^AQl 

TCaaEaAru«€(*<Ai » 2230A <l200ri 

20»if D]t*f *«S lC*iS . l-tlNIl 9.TCm(>iO!i.l2l «•( 10.«C"I 

CfNTFA SEC^IOki 


42T013 Pile ASO CAtiTAi -ClDfA 9»302 2I11J 

41T013 

419003 All I OUAi CAS ASAirfM 9*002 21 1 11 

411000 

*19000 lOfS'^IPy Tvaj 4SC 3UA4T|Ty DA GAS iiB'AAINlNC IN A AACCfSStNC 
419000 CMAaifA r« GfNfAATfO OU* ING A AICCESS. T««E anAltIEB IS ALSO wSfcO 
4190C0 |A Th| LfylTATl^S SuOIIE«ENT. T<«»f uNiT 40ST -<AVf A fuSASlf -ASS 
419000 U4|T SECTION ADA LfAA DETFCTICN. 85 A OUADAQuADLE Tv*£ INSTajMEM 
4*9000 CAAAALE CE SAAAAATING MASSES. TmE INSTAJHENT MOST ACT AS A 
*19000 AA4T|Al^AN0 TOTAL ACESSUAC ANALtZEA *S bElL AS GAS ANAlYZEB. 
*19000 ^ 

*19000 mass aanGE aesOLUTION..,. UA Tn 200AM^ 

*19000 OETAILIO SBfCTAAL ANAL MASS A ANGE S. • * . 1 • 93 ANO aO-*AAMO 

*19000 SCCAE SCAN SAfEO vABUBlE 1"S ^0 ICOS 

419000 DATA CUTAUT... VISUAL ANALOG 

499000 analog 

*99000 digital 

419000 LSA'uL “AlSSuAt BANG! 1.3E-9 A S M > . 9 € -2 N/ i 

419000 TC l.OE-ll PSl 1T.9E-8N/M21 

4190C0 MAS * AAAAT I3N CiAAftIt I TV, . IA«U 

n?9003 m|N wcTECTASLE AABTUl Aa| SS0» I . . 2E -U aSI n.9e-AK/M2l 

*i)000 MIS CE^EC^ABLC ‘OTal AAISSuAE lE-lO *SI <T,9 E-^N/a2I 

«19000 

AfAALlSS INSTAUMfNT CC* INC 
STO. CA9I9 .... 


AfAALlSS INSTAUMfNT CC* |NC« a 213 *9000 lit 

STO. CASIS CC.CC2 ih20«^2 S«hC *N*4) . 

NC,N20.NQ2.01.SC2. 

( ANV GAS MAY be DE‘ INEH 

BY radmn absoaaticn band 
IN **NG£ I 203 TO lOOOO «•• 

■ ANGES 0-100 OA 0-1030 AAm 

ALO C.9 TO I CU.AT. /Ml*,. 

TCmaebaTuAI TO 200A 

AESAOnSE time I SEC. AT 901 ACADINO 

NOTE} EACH kAI T tiANOLES 2 CASES 

QAEaaTOAS console alSC 
AEOO 

VEICO iSPI-lO »*030 III 

SPECTBAL ANALTSIS 1-90 ANO *0-A9 A>HJ IOETaIlEDI 

1-200 AMy ICENEAALI 

AESOLUTION vALLET < lot OP The SU" OP AOJ 

•EARS POA I AMU APAAT TnaOUGH- 
QUT 1-90 and «0-*9 AML AANGES 
MINIMUM OETECTABlE PBfSSUAI «... l.lE-8 N/SO ■ I*AAT|Al1 

6.9E-T N/SQ M I TOTalI 

LSfPUL PAESSUA2 AANGE C.9E-I N/$Q M 

SCOPE SCAN SPEED 1 MS TQ 900 SEC ivARlABLfl 

4AL2EAS QMC ICl II00C3 111 

TV9E ..*••• OUADAUPOLE 

PAESSUAE/OAS ANALYZEA VES 

MASS AANGE. I TO nOO Png 

■IS OfTFCTABLE PAISSOAE E-l* TOAfl 

MAR PCB-ISSI4LE PAISSUAE.. E-* TOaa 

AESOLUTION.... IC PEA CENT yALLEV 

SCAN SPIED... .2V2900MS Pf a haSS UNIT 

■ EICMT CGNTADL UNIT 2S.tAG 

mEIChY analyze 4.0KO 

404900 AE IN0UCT19| A«A COsO. |m|e;nG C OISPEASalI SP002 21111 

404900 

4QI000 LCa vOlt/hIGh AMP PGwEA CONOITIONE* I 10«M) SP0C2 Hill 

4CIOOO 

SOAEASEN iOCA*C-9COA 9*200 111 

OUTPUT voltage 0 - *0 VOLTS 

INPUT vGlTAGC *1* TO 90* vOifS 

OUTPUT CuAAfNT 99C AMPS OC AT lOC 

INPUT CUAAENT aO AMPS AC-IP^ASE 

TtANSriNT P(S»ONCE 

CCsStas^ voltage nA*/-iS»iv2 

CONSTANT CUAAENT AEGulATtON */-lOOOMT 

«E IGh* I09L4S ( I20VGI 

29A*2i29lN 

■C\ NT PLOOA 

*14933 T.C • criC* pyac-E’EB S»332 21111 

*14900 


13 '4-OAOC4T.2 
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<22SCI 

losdk 

ifUCH 

UIKU.^TI O.OfcCU. 


^fl€0l Tipiueo AkAlTtlt Of COMSTTUINTS in OASitOUS 0» LIQUID STAFANS 

4ff«0t 

4M«0I AANGi 10 TO 100 NtCAQSS 

4fQO0t AfSOLlfTlON 4 # •••■•••••••• 4 4 •« # * f- 0*5 NICiONJ 

4SM0I MffONSf TtMf 2 SECONDS 

4tO«CI 

^ IICXfAN instruments 

NANCE ......... 

RESOLUTION •444 

accuracy 

SCAN SRCEO 4444 

SHE 

mIICnt 


Ill 900 I 

4000-200CM-l(2.f-90Rir*CASl 
.9-l.ACM-l 
*/*l. 0 « 

1000 TD 2CM-l/n|N 

4IU4122 INCHES 122AAIASA C»* 

210 LOS mcci 


f«TC 

2. OHM 

O 4 I 29 MICROAHAS/NITT 
lOQ MUllfeAtTS 
.4.4 MlLLlJOUifS 


LASER RRECISION CQRR 

ELEMENT 0IAMCTfR.44.44 
Current resrohsiiil itv 

SATURATION fOhCR .44444 

saturation cnergt.4 44 4 


OTATOO CAS ChROmATCCRARh S»031 21111 

0 T 4 T 00 

OT4TOO THE RUNCTIONAL RCOUtREMfNTS OR THE EOUIRMENT ARE TC INALTZE Tnf 
0T4T00 ATROSRHERIC COMfOSITiQN AND ThF IMRURITT CONCENTRATION CGNTAIMO 
OT4TOO MITHIN THE C«RER|MfNTS* EQUIRMCNT CnCLCSURES. ThM ELEMENT IS 
074700 ALSO USED ON THE LCVITATICN SuOlLfMENT. 

0T4T00 

0T4T00 RLOH RATE 10 ml/mInuT| 

074700 sensitivity 0.1 RR* 

074700 

IKKRAN INSTRUMENTS fATOO MOOO 

1 40 S RRM 

□RfRATtMC TENR. 444.44 *... 44 . 44. 4.59 40 EfK 
TFMRERAruRC CONTROL O.OSC 


I20S0 III 

Thermal conolctivitv 

40C TO 2A0C 

♦/-O.l 

nils 

ameiinT To too oco c 

DUEL rieo single nvorcgen rlahf 

X-12 AMRCRCS 

119 VAC 4 90 TO AO H2 


•CCKMAN 

octector 

TCMRCR4TURE CONTROL RANGE 

CONTROL ACCURACT 

CARL I tNSTRUMT IfINC 

TIRRCRlTQtT rMCI '.. r# .4 * 

OfTBCTOR 

SENSITIVITY 

' VOVlR ciouUfNwrr 


CARLE instruments INC 

iCCURACY 

CASES DETECTED •4.4444.. 

samrle Site 

AERfTfTIVE SAMRLtNC TfMf 




I2AT9 


CIRLi INSTRUMENTS* INC. 
control StNSiriVITv 
TCMRfRATURC RANGE •. 
MEAT CARACITY-TOTAL 

INLETS 

IONIZATION OCTECTORS 

valving .••. 4 . 4.4444 

HEIGHT 

ROMER AEQUIRCNCNTS • 


19200 

-A« TO SAY C 

setter Than .1 rer cent 

.019 COULOMGS/GRAM 
9 f’ll GRAh/SCC 
less than SlE-lA A 
SOLID STATE 
2 niCK22 INCHES 


VARIAN ACAOCRARH 

COLUMN OVEN TEMR 

TENR STAMLITV. ...... 

rlame 017 sensitivity 

M|N OfTtCTARiLlTY.... 
NOISE 

amrliribr 




IKrman instruments 

CARRIER 

OCTECTOR 

RANGE 

ANALYSIS RATE . 
RCRSATAIILITV . 

IINEARITY 

lERO OAIRT,.,.. 
OIMESNIONS •••• 

HEIGHT 

ROHfR ........4 


S7S90 

H2 

Rlanc 

0^1 RRM pull SCALE 
4 TO G/HR ISfLlCTAOLEI 
.91 OR RS 
It OR RS 

ALtDIUTIC ZERO CQMRfNSRTICN 
iTA40A20 INCHES 
2M LIS (SHIRRINGI 
107-llTV 90/A0 HI 900H 


•O 74.tA«0047-2 
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FILN 51 Zf 

FOI>H*T 



MODE 

FRMC MATE 

FOC41 IfNCTH 

NO ftFOO (LFNSESI .... 
■ESOlUIION 

FAC4I1NE 

NIL-SFEC / AiaeOFNE 


^ IN »S J31ZJ 
4.^ » IN 

1/tOOO IQ l/?00 SEC 
FULSE Oa AUTOCVCtE 
UF fO 9 FF/SEC 
7«> IN 


305000 NUCLCAF FARftCLE COUNTING UNIT 
305000 

305000 CAFAftlLirv TG OlSCFlNlNATE AND CCUNT ALPHA 
305000 AND a>ELfCTR0N5« 

305000 

305000 COUNTING FATE 3.5E»06 I 

305000 RESOLUTION LOSS 1 «/3E*0< 

305000 FLATEAU CHARACTER 

309000 _ ALP MA 50C-1200 

309000 8ETA-CAFMA 17CC>|N0 

309000 PRECISION C. 1 

305000 tinea C.C9 TO i 

305000 

SCINTlBCnC ai27SE10? 

ENERGY RESOLUTION FCR CS137 5.51 OR I 

GtMNA RAY ENERGY* ICrEV TQ 


SPQOl 


JChNSTCN LABORATORIES RNM- ? ; PAD ;HV-«R 

SYSTE" CONSIST OF FOCUSED NE SN ELECTRON **LL T | PL 1 1 Rf RFf- 2 ) 
FREAHRL IF IER>AMP1 IF ICR-OISCR IN1NAT0RI RPAO IAND RFGUlA»Er mIGh 
voltage PONER SUPPL YIHV- aR ) 

ELECTRON GAIN..... lOEA Aj 3nv 

FAX COUNT RATE..... lOFP PER SEC 

CETECTION EFFICIENCY ELECTRON- 501 AT ?OQC:v. 

ICN- 501 AT 3C0CE.V. 


R5M0A/59i3A/ «1I90/AAS0 

5550A/555A «|AT5/53*0 

/55E2A *?50 

MULTI-UNIT jENCH EW^'F 

ALPHA, RCTI.. X-PAV. f.AMRA OR 

NEUTRON 

0 TO lOOn R /HR 


CONEIGURAMON .... 
RADIATION OETECTEC 


4IA500 RESISTANCE THERMOMETER 
414500 

414500 IhERMOCOUPLES 
414500 

114500 resistance heater INCN-rCNTAC 1 1 
114500 

114500 TUBE TYPE HEATING UNIT FGP USE IN ChE S T-GE Nf R AL PURPOSC FNCLCSURE 

114500 OR HOT NALL FURNACE 

114500 

114500 POnFP .......... ......ARN SLiSTAiNFC* 5RN Pf AR 

114500 TEMPFIATUPEIMAXI 2500F ILnOOCI 

114900 SPECIMEN Sl/F <10 CN»lLNG X 0.75 IM2CNI 

114500 01 A. 

114500 

113900 RF induction COILS SP004 Mill 

113900 

113500 PROVIDE NON- CONTACT HEATING 
113500 

il3500 FREQUENCY RANGE TO /mh/ 

113900 OPERATIONAL ATMOSPHERE ANY 

113900 

10500 3 electron ream SOURCE SP0C4 Illl4 

405003 

109003 the electron IfAM SOURCE NiLL If tSfO TO HEAT SAMPLES THAT 
105003 REQUIRE NON-CONTACT HEATING. T»« LMIT nILL RE LSFO IN ThF CHCST- 
105001 GENERAL PURPOSE ENCLOSURE 
105003 

105001 OEllYfRAlLE POMfR 3 - 4 AN 

10500 3 INPUT PONIR 

105003 TEMPERATURE..... «50QF I7500CI 

105003 MAXIMUM SAMPLE Sl/F CU. IN. f/CCI 

105003 OPERATING PRESSiMif. lE-10 PSI l^.5€-TN/*?» 

105003 

217000 laser source SPO04 Hill 

177000 

117000 PROVIDE HEAT TRANSMITTED TO A SPECIMEN IT LASER BEAM. fCNCEPT 
IITOOO RIOVIOCS HEATING N ITHQUT CONTAMINATING SRECiHfN. L4l t |S USED 
217000 IN CONJUNCTION MlTH C HE ST-GENE RAl PURPOSE ENCLOSURE 
217000 

117000 POnEP Erv 

117000 COOLING CAPACITY T. .RM 

IITOOO laser type ..ANT Of FOllONINT. p I VE : 

117000 ••••CONTINLDUS have mydRCGFN-F iOuR- 

21T000 INF CHEMICAL LASER. IR OUTPUT 

117000 CONTINUOUS HAVE FORCED CCNVEC- 

127000 TION CO;. IR 0*JlPUT 

llTOOe ...CONTINUOUS RAVE CO-C2-H?C-Hf 

127000 CMfNtCAL LASER. |R OUTPUT 

IITOOO ..PULSED tea C02 , IR CLTPUl 

IITOOO PULSED TEA XENON, UV OUTPUT 

117000 

ANERICAN laser CORP RRO hi 7550 111 


SP001 Nil 11 


Space DMskMi 

Rockwell International 


GAS (C02) 

ttAVfLlNCT^ lO.e laiCiONi 

Meft* )00 TfM 

lltM OlVCtCihCl. 1.^ I*A0 

•ISQNiNT CAVITY no INCHES 

Q ielTCM TVAE. NECH 

COOLING MATH 


•24010 PlINIMUN 4 elTH h|AT INC SMOOA 1123) 

^KOiO 

•OlOOl ILICT4CNA0NITIC A0SIT!^NING COILS ANO OfTfCTOt SPOO« UUS 

OOfOQl 

401001 •■OVIOf ALTfPNATlNC lllCTPOflACNE T IC E I ILO ^04 CONTACTLESS 
40M01 4CSITI0N CCNTAOL* 

•Of 00 I 

•OfOOt macns^ic AAfsiuAf ASi lao «n/so 

•OfOOl 

•OfOOl CLCCT40STATIC. 40 SIT:cmnG MfOlfS ANO Of TEC Toe SAOOe 111 IS 

401001 

•09002 iLlCreCSTATIC FIELDS LlfO FC« ArSlTlONlNC EkFEAl-fNT SFfCI-EN 
•09002 SUCH AS TO MAINTAIN CONTACTLESS FOSITION CONTAQl* 

•OfOOf 

•09002 CHAMfEA PAESSUAE > O.le PSt (I «A/SC 

•09002 < lE-0* PSI 10.01 N/SC pi 

•09002 

•09002 CONPIGUAATtON IN APEX OF TETPAhEDACN 

•09002 

001210 ACOUSTIC TPANSOuCEA AHO OfTECTOA. SP304 UlU 

001210 

001210 USE OP SOUND PAESSUPf PAvEt TO POSITION EXPfAIMfNT SPEClPfN 
001210 sucn as to maintain contactless position CONTPOl. 

00S2S3 

001210 CHAMAIA PAfSSUAI > 0.14 PSI 

001210 1 1 AN/SO Ml 

001210 < 2E-0A PSI 

001210 <0.01 N/tQ P) 

001210 CONPICUAATION IN APEX OP TETAAmEOACN 

001210 

• OTOOl GAS JEV PCSlTtONlNr. PPOtfS AND CETECTQAS SP0C4 II1|S 

•OTOOl 

•OTOOl USE OF GAS JFTS TO FOtlT|rN SPfClPEN 0U*1NC fXPEA|PfNT FAf* 

• OTOOl CEOUACS SUCH AS TO maintain CCNTACILES! POSITION CCNTACL. 

•OTOOl 

•OTOOl GAS OE-OA INCHES <0.2 MiCACP£Tftsi 

•CTOOl GASES hyOAOCEN. OxycEN 

• OTOOl CONPICUAATION JET PAM IN APEX OF T|TaAMfOACH 

'•OTOOl CAS PPESSUAF minimum O.OM FIIA 4100 N/SO p) 

•OTOOl 

0II400 DIAECTIONAL CALOAIMETEA SP0D4 lllll 

092A00 

OtiAOO the DIAECTIONAL CALOA|«ET|A p|Li IE COMPOSED OF A PVPCBlECTPIC 
09IM0 lA OITECTOI, OETECTOA AAE AhAl t F If I . OPTICAL MOOULAtOi ILICmT 
otnaO ChOPPM) ANO OfNOOULATOA MECtlFlEAl. IT mUL II USED TC 
O9IA00 OETIAMInI The lEGlNNlNQ OF SOLIDIFICATION lY CISEPVMC ThE 
O42A00 ACCOMFANYING TMflMAL AIAEST ANO mIlL M|ASUM TMf AATE OF Af LEASE 
092400 CF The hFAT OF PUStON. 

092400 

HV-CAl INCINttMNG AC-llt-A^lO-OOI-OOl 1290 111 

FLUX AAN6I 0-100 M/SO CM I SOUACE FlUXI 

SPKTAAL MSFONtI 0.9-40 MICAON 

HSAONSE AATE 0.29 tfC 

FlllO-OP-VllN 1.9 CM OU, 0.29 AAO OlVfACENCE 

ACCUiACY ♦/- 9 A1ACIN7 OP A(A01N6 


LASfi PAECISION CO«P AHT-20CO/AT..200 I19O-9C0 

SPKTAAL AIIAONSE 9 TO 79 MlCAQM 

FAfOuENCV AISFONSE 2 TO 900 HZ 

flux AANCI 0 TO 10 M/SQ C« <tNCtOINTI 

•M40f PYtOLTTIC lA OfTECTOA tPICTAAL 

OflAOO AANGE.... 21-9 TO li-l INI0.9 TC 79 

092A00 MICAOPETIASI 

092400 InCIOENT »LUX AANGE.. A.9M/IN2 Cl - I0M/CH2I 

092AC0 

120000 MfCPANtCAi sample FLACEPENT ANO PETXlEvAl 
120000 

•2f020 LIOUIO STAINGE OISPINlli 

• 1 A 020 

124010 MEATIAl INjfCrOA 

•24010 

410000 VACUUM CATCH TUAE 
410000 

•14010 lOLlO SAMPif iTOAAGI 
4IM10 


111 


SF004 

lllll 

SF004 

2im 

SP004 

1 1219 

SP004 

II2I9 

SP004 

11112 
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SpanDMiien 

fteckw^i InternalionBt 


Lift iClfUCCS 

malt CMftA - $ttii FiiP tcoBfi isait iiiii 

•fMfa tTIU PMQrOO*^*«IC lAPftiPLlVT M«ICH IS SMMIO IfIfM CTPf* fKHRI* 
••W90 NfllTS. CMHA HRS niTEICKRPbfRILi LfMS Mft IS COPPRTIHtf R|Tm 
• 9MM tOIIMIfaT MfCM AS P^CaOSCOPfS RMS OSCULOSCOPfS, 


maaa 

MM90 FliP FOOTAT 19 PP 

tins St PP« Fl.l 

•Mm vifs Miaf «i f»cc«frs 

•9M« IfPS 19 PP. fUP 

•9MM VICH AMO-f ** DfCAfES 

•fMio SMMTTfA • ro i/soo see 

•9MM VlfPlMC TMPb lEHS 

•9M90 FOCUS SPIIT IHACE 

•9SM0 

HCHCTHELC tPC iSPOTTMATIC F tAlA 111 

LfMS SIMP. F/l.t TAAtPAA 

SS HP, f/^.0 TO F/IA TAVUPAP 

SMUTTff SPEEDS L/IOOO SfC TO TIHfA 

VIEAIMC thru LFMS 


09S0S0 CAPftA - STILL PQLAAOIO (COtfl LSOCZ 41111 

assoso 

•990S0 PaAPOlO PIOTOGPAPPIC CAPAilLlfT SMARfO P|TH POST EXPfPIPfATS 
•4MSO ALSO AGAPTAlLf HiTH MICROSCOPE AMO OSClLLOSCOPf IMTFRFACES. 


•9M90 

09M90 FILM FOPPAt POLAROtO lOT tuCR/tMlVF 

OSSOSO 1.TSA4.29 IM IPZ.99XIRZ.PS **4*1 

OlSOSO LEMS ........•• 9A HP. F|.S TO F ?? 

O9S0S0 SHUTTIR speeds • TO I /AO SfC. 

059090 RAMbf FIMOFR SPLIT fPACF 

09S09D RIERIMC THRU LFPS 

099090 FIELD OF Vtfk 40 OEGR*FS 

099094 

TEKTROPIX IMC PC-1? tS90 Ilf 

LfMS 79 HR 

STOP F/l.B TO F/IA 

RACPIFtCATIOM O.iS 

LEMS SPEED I ID I /1 10 SEC RfCM 

4 TP I/AO SfC ELECT 

FILM TVPf... POLAFOID 


TfRTROPIR fClO «S?5 

PAMIPUP RaATIVE APERTURE....... F/1.9 

PACNIFICATIOP O.T TO 1.9 

PfLATivr SPfFO.... 1.0 

FIILO of VlfP..... l.lSfci.RlIM IRklOCP) 

FIIH TYPE.... POlAAOlO 


NEMLETT'PACRAAD PI9I S4?0 

RAIIPUP iaPTlVF APERTUAF ......a F/1.9 

HO.RS 

SPEED... 9 TO 1/AO SfC 

LIPS 7SPP 

film TTPE*..* POLAROID 

PEMiCTT-PACAARO A199A «10?9 

HAIIPyP RHATIVf APERTURf ....... r/1.) 

PACMlFICATIOM. t;0.« 

SPEED.....*** ..*..... B TO 1/10 SfC 

LENS ROMP 

FILM TYPE. POiAPOlO 



419900 

479900 

419900 

47SS00 

419S00 

479900 

419900 

W900 

479900 


RICOROfR - STRIP CHART ICQRII iSlOll IIIII 

HiOO RECOPO OF APFRORRIATf LIFE SClEMCfS DATA. 

FtEOur.HCT FfSPOMU DC TO ISO H| 

SCMStTIVlTT 0.1 TO 90 PW/RP 

CMFRiRS ■ 

CHART SPftO 1 TO 900 RR/SCC 

RRtTIMO RETMIO T*4iRAL 

MITT PACRARD ATIOOOR R|TMOPT|nR t??*9 111 

01« APO 071, 

IT900A PlUC-lM 

CHANMFIS 7 CHAMPELS PLtS €»fMT RAAif ■ CM 

BOTH SIDES 

HRITIN6 RETMIO ELECTRIC 

4CCUR1CV *f- 0.1 t FS 

VDLTAOff SPAM 9 PR TO 100 V 


REHLfTT PICRPRO tTUfO/RROlA 4IT90 HI 

FifOUfPCF RESPOMSf DC TO 119 HI 

MPITIMO MfT»«MI TKRPAL 

SfMSIflVlfT S RA/OIV 

CMAHMflS 1 CHAlaflS TIIMR/PARMP 

ROLTAM PHAAL 9 PR TO 9 R PfP OIR 

ACCURACR •/- I « 

NlVLlfT PICRARO iTtCfO/ORRlA •P9TS 
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Rowell InternsMonai 



CrHi«l(Ui««Tiu«i 

OuaT saifo 


M^OOF*<CT af«auNSf 

CMAMMItt 

WHTIHC HfTMOO ... 
IM»ur tMiMl 





ACCuaacv 




aaci MOuNUD 

0 . a 9 ( 0 . 4 . 1 « a. 4 . S* 10 . 7 «. 

4C* 100 *»/f|C 

140 t*l 

• 

THfIML 

1. !• 4« 10. 40* 100. 100* 

fOOi 10tO«V/Ol4 

♦ /• 11 


HQi^mu «1412 ftroo in 

PAffo atrTff.... HIM 

CMAIMlfLS 2* 

filOuFNCV TO Ifana 

PAfpa 200IPI 

sapfo vaaUTioh 14 poomaio. ii aivfisi SPffCS 

a('ul4T PACH 


pfCaMAN HdbTauatNTS tP *10T4« IM 

RAMOalOVH OC Tt I19«l 

4000 Ml a|TN PA-400TAPI PAC 

CMANNUt I TO • UP TO ta %PfC CPOf* 

PIC POOHAT TMltMAk MCTUIHtAa 

CMAAT tPtlD 0.1 to 29 CM/IIC CT**PA9 AVAlt 

tVfHT ■APaiaS 2 TOPTtONI 

CimH&inRS A4. nil. 9112. 4 IMICMES 

POfP now SO/AO Ml 140k 

MOUftMlLL P1P4A 4T40U III 

t-APCCOPT PfCOAOI PaCiM IMPIARPO. v!0PQ AHO MMIC SCAaA|P4* BADAP 
SVSTft*4 AMO r|*L T|Mt SPICTAu* AKiALTlftS 

Pf lOLUTtOAt.. 1000 fllMPMTS PPP 9bPPP 

PPCOPOtlK'V PA1P a MILLIOtl 

SPOT SI2C 0. 0091*1 

SPFC^...... UP TO 10.000 Lt*lC9 Pf ■ ttC 

FIOER OPTIC CPT 

MCMTwfLL anCPa •JICO 111 

C4TA ZA 

fVlN' CMA*MEi9 A 

PPrOUCMCT AFSPOMCP. OC TO 24BMI 

PAPfP SPffO. 0.1 TO 1X0 IPS 

MfH^T. PACA 

PAPPP klOTM PtM 

• ECBPAIi l*ltTPUBf*lTS aPP tlflO 111 

PPfOUfNCT OC TO 110 Ml 

CHAifAiftt |Wf*ir. T|Mf. 1 DATA 

AP|T!«|C MfTNOn TmAPpAL 

Sf*lSIT|¥lTr 1 Mti4/<*a TO 4 V/PH 

PfSPO*i:»C TIME A PtIC POP lO-POl OF 40 *p Pl 

TP 

C»*APT SPtiO 1 TO 240 MP/VC 

ItlC OUTPUT OPTIOHAi 


I4BA00 CSCIlLUSCUPt - PfPII&TrUT CPT CCOPf I LS4TA 11111 

iiapoo 

IMAOO fifCTPORfC RQMITOA AMC CATA PfAtUPf«CliT CAPAIIUTW OP ilP| 

IIIAM ICIfUCl IRPfPIMWT fOUIPMaiT pfTP A •CRffIN MAVlM iO«»C TfP« 

imoo pfTiic;io*i. 

»9«««0 

imOO OAiiOPlOTM OC TO f MMI (RlPfPUPI 

I90A00 CMAIMILS 2 

lf«AOO OIPlICTION PACTQB 1 MV TO 10 V PEP OlViSiCA 

9»««00 PHOTCCAAPmIC CAPAIUITT Vff 

imoo pfRSisfiMCf UP TO A Mnoas 

imoo 

AlMlFTT-PACAPaO P112A PlfOO 111 

IAMDMIOTm OC TO fOOBMl 

SimiTlVlTv 100 MICPOVOITWCM 

IMOlPIMOtNT MAMt 2 

kPICMT A| POtOOl 

MfWifTT PACVAPD P|Ali/lA04A/lA2 lA A2t04 111 

FAMCpIOTp 4 PMl 

OfFtFCriOM PACTOP ....... 4 PV/OIV 

CMAMMfiS 2 

PfVSISTABlCE 0.2 SIC TO >| Pf liCTf fVAP|Aiill 

riaTPOMtl IRC Ptm/TAIA PiUO-lM/ t*100 111 

TOTO PlUC-lN 

PAMOmIDT** OC TO AO iMil 

C*«A*»MflS 2 

CfFlfCTIOAl PACTOP 4 PV/DtV TO 4 V/DIV 

▼IMFPAlf 2 Ml/OtV TO 4 I/Olw 

PAl vlfalMr. TIMp A MOiAll 

PAI irOPiO MPITIAiC SPIIO 4030 OlV/Pf 

TYPE OP STOPAOf fPi I T ICPff** tlfTAtlf 

TfafP04U I*IC PP4AA0/9AA P2lA0 111 

4PA PlUC-IM 

PAMDpIOTh OC TO 10 •M4I 

rMAkkiii 2 

CfFttCTinP PACTOP 10 MVFOIV 10 10 V/Olw 

T|PFPASI 40 *lS/OIV *0 4 SFOtV 

PAI VlFatMC TIPI 1 mQuP 

»AI StOPPO «• IT IMG SPFFC ....... AOO OfV/Ml 

WPt rf. 4T0PACC SPi I T SCPf I *1 • I S TAP 1 1 
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Space Division 

Rockwell Inlernahonal 


1*1000 f|C«C.SC0Ft « OISSECtiNC I * 1 00*» Hill 

1*1000 

1*1000 detail DISSECTIWG OE HlOLOGirAL SPfLI**f*<lS SUCH AS Fl*fcfS« 

1*1000 AAIMAL tissue AMO QOCAMS 

1*10C0 

1*1000 steaeo eyepiece 

2*1000 injUSTAdLt OBIGhT and DABA EfiLO ILiUHI NATir.74 

1*1000 

EAUSCM - Lrt»B IMC- ASSP-IS AeO HI 

MACNIEICATION 

IPO ADJUST. AAMCE AS-TSi<«i 

PAl. SPECDIEM thickness O.KTStN, 

auhemcal apertuae o.o^i 

PIN. RESOLVING PONER *>C IINES/Pn 

PIELO OF VIEW A.O NN 

COMVERCFNCE AN&LEIIPOl lOOEG. A»NN 

IS DEC. AT TSNN 

OLYMPUS optical CO ITO AJH^TR ♦PQ'] ill 

CONE IGUPATION LOO SI ^ClIP 

TYPE DAhuMELU ST£»FO 

PAIN BOCT TeiNOCUCAM TLBf INCluOl^G *** 

DEC INCl INI D * I NCCUifcP TijPI 
PLUS VtKTICAl P»<CTC TgPI 
MAGNIFICATION range 6. IK TO B3K 

uoRAiNG distance eFHP 

aperture iris DIAPMtiAGP ........ 2 TO 40 op IA0JLS*A^LEI 

CAPfeMA ATTACHMENT POLAROID. 4lS ShFF T I Up »*■ P** 

AMERICAN OPT ICAL RSE"-0* HI 

fTEPlfCfS lOa.lS* fclOFEIElP 

PAGNIE If AT ION T, 10,15, 1C,/S.10.*»0 J.'fOA 

FORKING DIST ANCF . 1.^,4 INChIS 

2*1100 MICROSCOPE, COMROUriO I V1005 illll 

2*1100 

261100 general purpose RlNOCUlAR MICROSCOPE EO® PICOQSCUPIC S’LOtlS fl 
2*1100 TISSUES 

2 «noo 

2«110C magnification iOX to lOOK 

2*1100 photographic CAPABII ITT POLAROID F|lm 

2*1100 ilCHTINC .dark l|EtO OR LIGHT flllD ANl* 

2*1100 phasi control 

2*1100 

AMERICAN optical rSEbIFS v2Q A23)S III 

EYEPIECES lOK ISUPPilEOI 20* Ti » aO-HS^ 

OBJECT IVES.. ... |0R,2QK,4SK ,IQ0K 

CAMERA attachment YES ITRInOCulAP hELDI 

CONOfNSER OABRFIELO 

FlUORESCINCI T ECeRkIOUE . . . uv IlIUMINATOr so * nr yapfr 

‘ IL Tf R TLMBf T hi >h i Ml TIPs 
AND other ACtt SSOfilE ‘ 

POLARHER obtain AO lll«B 

*«POO RECOAOER - VOICE I COR II LSlOOfc Hill 

625000 

625000 CAPA5ILITV OF RFCO«DINC ORAl COMMENTv. 

625000 

625000 channels A 

625000 BANONIDTh 50 TQ 20QO0 H/ 

625000 

5CNY COAP RTCllO »l1u 

RECDRDING TIME uP TO 60 m|n 

RECORDING media PnNAURAL C A SSE T TE S . DUAL IfcAa 

VOICE INPUT MICROPhONI 0* AUKllLARY I kfUT 

LEACH COEPCRATION BLfM FimoOlB 1^1 

RtCOMDING r |ME 10 hRS. 

function VOICI RECnao 

TAPE capacity 650F T 

TAPE NIDTH 0.2* IN. 

TRACKS 4 

CHANNELS 1 

FRFO.BE SPONS I )00h2 TO T.2KH/ AUDIT 

SIGNAI/NOISE RATIO »50P 

5QT600 PICROOIAECT ION TQQi ■!! 1 IMH 

50T600 

50T6CO standard mlOKAl m |C BOD 1 SSEC 1 I ON k|1 
50T6 00 

2T4100 PICRCTOPE ICORfl 1*021 Itlll 

2T6100 

2T6100 C APAPIL riY TO Th|NLY SLICE flPEBIPINl ^PfCtPEN. 

2 T6 10 0 

2Y610J SECTIONING * I TO 50 MtCRCNS 

2T6t00 

APft ICAN OPT ICAL '‘"20 61256 111 

section fHlCKNESS. I TC 50 MICRONS 

input ^PftlMlN SLOCK SHE .12 ■ 2T mn 

PE K HE BT AaM>l2 6SR6A III 

THt'KNfSS RANGE 1 tU 150 MICRONS 

S«MS... 3.2 microns 

L'ITF ■12l2'MIN<lf rotary 6|R|0 III 

Thickness range i to 25 m:crons 
STEPS I to 12 NlCPOMS 
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i*v 14* !tOfcn 1^0?? 11)11 

I > 

CA»\»lini }* M INf, gOA*.Tl ^ It S rf CavOGfMC IICUIO 

L i *;.u 

10B«GS CiiAStIty ) GALLONS IC*C019 CU *> I 

10S*CJ TEMPtuAT-jBE -314 A I • 1 43 Cl 

tOftAUO 

CBTCCtNIC 4S5PC1ATES BIB-9C »ICD3 

CAAAC ITT . .. . ......O.tL LIQ. N? 

►(UOIvr, T|-F hCuHS 

0I4ESS KINS. . . 4.?SIN OUM, 8.3|N lCNO 

»F t ;mt , . « ,3L8(r»*4TTt *1. 3 lB< FuL LI 

rBYnr.FNTC associates INC aSO-IS »2«S2 11? 

CEhAB 0]A 17 1h. 

UC<IID eEl lUM CAP 101 LITERS 

UC^K. CAP. *4. 2*. 5 liters 

umln r*«**iri r.LBP kincd •l»i-21io?k-oc ooi i2?s ill 

r AP&C ITT . , . . 20 liters 

hEI^mT 23 INCHES 

CIA4ETEB.. 1S-3/IA INCHES 

gLir.HT cH3Tt 23 LES 

LOLL * 94 LBS 

EVAPORATION PATE 22 LiT£R/OAV 

AAl HncClNG T|t«f,,.,. 40 OATS 

UMCN CARPIDF ILINCE PlV.J #0 904- CC 52 1 P Al T NDI »U50 III 

CAPACITv Lie HE...,, 30 LITERS 

EVAP RATF/DAT B1 

rtHrsviONL •« 4 . 4 4 ...... 4 4 4 4 44 »}t.TS INC'iES 

i«EIC*<r B) LB(hT| 4l.%L(HFLUi 

5074C0 WtTEPNART -EOlCAL AlT ICCRfcl LS447 UUi 

90T400 

50T430 lAClODES OTOS CDP E/PP T hAl “OSCO®£ « pEFlER -»A4mfr, hE **r)GLCBI NC^E T EB 4 
Sf)T403 iruo^IOOFT, STilNGES, NEEOLES* SCALPELS. hE“QSTaTS. TkEE2fSS. AND 
AQT4C0 CThFB STANOAfcO ITf^S, 

907400 

1I630J (.VfN LS027 211 1 1 

IBNCOO 

iRAOOa CAPAdlLITT TQ h|AT« 4AlNTArN CONSTANT TE “P F P A T OB c . AND CRT IFST 
liACOO FC0IP4FNT, LlOUinS AND TEST SPECIMEN. 

1 9N00C 

1940C0 TEMPEPAToBE range * 32 TC ‘50 F 10 TQ 2U C» 

IA6000 capacity I ClJ CT (0.03 CU -I 

1 96000 

»LNNt engineer ING INC »BLT TO SPEC 115 

FBESSUBC VACGL- TC ICOC RSIG 

r«^-PEMATuPE -ICO TO 6C0 F 

FRfAf, i»PtCISIOL. A6C5A fT29 111 

IEKPEBATuREIMAa I 660F4S90CI 

Pn.(B 3100R 

l . 35C U.F T| 0. 04C G.«. I 

AT <NT PENCh 

NAPCC RA2C A449 til 

TIhperatuREI MAX I 340F1200CI 

mount BENCH 

VOLUME 3.BCU.F r. lO.lCU. Ml 

Blue m iPCM-143-A-l 1665 Ul 

TEMperaTi.be r Mini 49CFI230CI 

MOuNT HENCh 

TrFLCC BlR H49 111 

TEmoeraTUBE (MAX I .... 44CF (22%C1 

POmFR*. 10504 

MOUNT IENCm 

VOLUME U 39CW.F T( O.OmC L4M» 

9 T^co HtSTaiCC-T A!T/5L(0F cabinet (COREI L!4qi^ mil 

9f}T(»00 

SflTqoa MA -Rt *IT fONtAiNtSG P40AES, nMVES. NEFOlES. StRINCES. COVER 
9RT900 SUPS. LADlFS PIUS CTmE» NORMALLY IVCIUOEO UF-S, 

9QT900 

ARNlOa CCNSTASI TEmpeaaTuRE PLOC* KGPFI LSIQIS 21111 

4 Re 9 00 

496A3a ►lA^ SIN- MMNfAJNtNG A CONSTANT TfMPt#4T»i*f » C*- TfST TUlfS AND 

4A61C3 vials. 

4Ia50u 

4ft*900 »tMP(BATuRf 249*/-l.CP I120*/-0.9CI 

416900 

0C4 riAGNosTics r12/:a 1100 iii 

configuration LOOSE EQUIP 

TfHRftATUlE range AMitiNT TO lAOC 

CCNTrOL */- 3.5 C 

NSNAOO SP* r T«r PMTTnMETr A - |R ICQRPI LS032 Hill 

96*600 

46*600 R«RT36M VPFCTRnPHQTnMETtR ANALTStS CP UP* SCIENCES SPECI-fN |N 
*6*900 T-t INPRAAEO range . 

46*9CC 

46*600 spectral AANGf 2.9 TO 12 MtCR^NS 

• **500 RfSCLUTlUN 0,1 percent yAVELFaGTm 

• 6*60J S'AS T|»f 9 SIC TO 90 hCu« 

*6*600 s*«Pi f Tf»DFm»utE ImAII^Y to *P2 p <290 Cl 

*6*400 

PER* IN ELMER INST*i/MfNT CU. Bl21 119200 III 
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liA¥KfNCTH «*NOf TO /SOO HA**r«*C I i 13 S 

»>00€S B-V ¥ECQ»t>F« 

*LTt)»i*f|C »FPfl*flvf SCth 


TUPtIt* PJ^O *160*» 

HAVELFMCtH »«I«CF ?10N»i fQ lOOOMH 

ACCESSORIES S10-C70 I* ACCESSOBt 

no-040 u¥ ACCf ssoMt 

CFIICS •fUFCTIOH 1VP< 

BAVECENCTh ACfUBACV 2HN 

BAVFLEIICTH BEBOOuT OICITBl IN NM 

EHCTCNEVDIC **€?€■ 


PEflR|»i-EiNEB 9221 »IP0*>0 

SPECtBAi BANCE 1.0 TO IS.S MICRCNS 

•ESOiUlKM C? PICBONS AI 1? PiCBtAS 

.S Pia CiNt 

OBOINATf FXPANSIQN TO 40X 

ABSCISSA IXPANSICN TO 

PO«EB 1 QS- 1 ?SV 60 H/ <‘OOB 


BECBPAN INSTRUMENTS AIB-9 «? *00'J 

SPECTBAC AANCE 3.S TO 2S HICBQNS 

• ISOiuriON ?KM-1 AT N7ICP-1 

SCAN TINE SAIN rc 1* OAVS 

ACCilAACT... 2% N|Tm CAlinHAlirN 

HOT AND Cacn samples TFS 




RECBPAN instruments B 6SU0 IB -4 il<3T40 1 

spectral range 1 TC 16 M|C«r.NS 

•ESOIUTICN * OlNIfanN AT IOhicbekS 

scan time 3M|N TO ?4 HRS 

ACCURACY OlSMirars fatim t. e>»l r *>CNs 

HOT ANC COLO samples YES 


S2IT00 URINE ANALTEER - AOTCMATIC ICCREI L S« lllll 

S?l TOO 

S217CO capability to AUTQMAT ICAL L t PEPTOPM UPINT ANAIYSES. 


521TOO 

6SN60S MASS spectrometer L'««*4 mi 

4B660S 

4SN60 S PROVIDE ANALYSIS UE UNpNURN ICNI/EO CAS BY ATOMIC NASS KU»MM., 
4S96CS 

6 9N60S -ASS RANGE TO 400AM4. 

6BN60 S SCANMnG range vAR| API E 

A5960S VAPIAPtF SCANNING ■* Tf Q MIUISECONn fP frJO **C/SCAN 

NS06CS M4* OPfPATING PEESSURI... IE-4U:RR 

45960S SCIICIARLE CENTER MASS 

6M60S SElECTAALf SCANNING MIPTh 

4 99605 

GRANVILLE-PHILL IPS CO R400 A6S7N 1 

CONE IOORATIPN fiEN^'H IQtlP 

MASS RANGE 1 TO 400 A«U 

scanning rate so MSEC To 603 SEC IVARIABIEI 

MAA operating pressure lE-4 TQRR 


W4000 PM -EffA 
1 74000 

174000 METE* PEASUREi hvOAOGEN IPN CCNCf NT aa T |0n CE SCiLUflCNS 
176000 

174 000 PM RANG! C - |4 

174000 NEASubEMFnI O. CiPH 

IT4OC0 

BfcCAPAM I NS T PUME > rPhASAR 1 ASTO 

PM . OtOO *0 14.00 

M4‘Pt AT ABlL i • Y ...... •/- I ay, • /- O.Ol Ph 

AUTO TfMR COMPENSATICN 0 »0 1 00 f 

ClNENStCNS S« 1/4*411 7- )/4aiR-S<aOI I4CHI 

Mf IGhT S i* 


C-7I 


SO 7A-SA-0047-2 




415000 GAS i«NAlV/ER, AUTOMATIC LS'**’! I 

615000 

615000 determine ThE PARTIAL PRESSURES CIE OXTCEN ANO CAR^CN OICXIOE 
615000 OISSOLVED IN RLOf'O SAMPLES ANO 10 OETERMINR TmE htOmCGE N 10*. 
615000 CONCENTRATION 
615000 

615000 IRtOUlAfMCNTS UNSPtCIEIfO. COMMEPtlAL UNIT USEP AS PCOE I I 

615000 PH. ••...e.OOO TU «. 000 

615000 C02 partial PRESSURE b to 200MM hG 

615000 02 partial pressure 0 TO 2000MM hG 

615000 accuracy: 

615000 PH ♦/>0.00) 

615000 CO? PARTIAL PRESSURE «/-0.5 mm hG 

615300 02 partial pressure... /-IMP mG iT 200 HG C2 

635000 ♦r-lOMM MG AT 2000 MP HG 

615000 

INSTRUMENTAT ION L ARORATORY RiL 31? 

Ph 6.C TO R.O 

PC02 0 TO 200 M«Hr. 

H12 0 TO 2000 M6MG 

automatically PROGRAMMET YES 

sample time 45 SEC 

precision PH /-.COY 

PC02 */-|MMMr. . 

P02 ♦/-ICmmmg 

sample sice ......0.4ML (AUTOMATED) 

POMrR 11«V 50/60 m/ 


I 

I 



•K • T» 

■ ••• I 


•«, A *CCO»*C* 

PH -t tfPFATl* It ITV ... 

PlLLlvClt BA«iGC 

••V Mf ASU»*E'«r»iT ACCU«*CV 

•V -EASOat-tST BfP|*TA§lL ITV 


in 

LOL?l t. 3 Ul»“tNT 

1 T 3 

• /- C.U? *H 
TC •/• O.OOJ 
0 tn 1*00 "V 
*/- ?«v 
TO •/- 0.3 *»v 


n£C*»'BS I'vS’hli^ENTS » 12390 ? lU 

a*V.F. 0 TC 14 Pm 

BcruBACY C.Cl 

H»CntiOFB fltjTPjT J TC 100 "V 

j»orAia*‘nn< ♦/-c.oip- 

CIHESMnsS 1 .T 5 » 12 . f».rHFS 

I iiT ^ LBS 

t.«c rC*iPE*iSAYICN 0 TT ICO c 


»*Fr**AN, IKSTti.jt-IMTS •TaOO« III 

.. 4 '. f 0 Tr 1*1 A‘.* 1 .* ph( e ipandeoi 

«C'.u»*rY */-.csp»'*/-. JOT tE<p*^Cf^ sritt 

ut^’f *>AMl IT» */-.C?Ph */-. 002 C » ipaKOE C SC*tE 

Xfmit f (MPf N? *T J0»* 0 'V 100 C 

->r';)Brip ’vjtp!i» 0 Tr ?oo •'v 

FlnFB 11S/730V ?3/*.>E IS. 

ni«tN^I(NS 11X11I9 INC*«FS 

.FJ'.r* SlBS ( 4 kGI 


201 &J.) UEANt- ICUPM 

7 ono 1 

zoioc: »*i •• ►.n.i.fcsfT ese«&y r-t ciEPsiNr. f»pfp|“EK' 


2 01000 f OUI *.r , 

?nif.0J l^►*•4r1Sb JBFCulN''* 2C00C H/ 

2 J;UC-. . t.j£i 1 T V I C< ^ V 

201COO 

P « i \ • m) 

SUE 3 .‘p 3.‘«2 

( \t>\. I *> I CL.AP T 


l<c*t jini 
AND -AI\TtSA^C^ 


»S 5 111 

tM 9 l«l 6 .S C»» 


•I? III 

T*S« SI2t,. EXIUMM IS.?AJP>IS.2CP| 

CAPA..I’t 1 W 7 gallon 


AJ«.C« A‘.1 i*--« ISC ■■ALSCMC II ISOC 

TAPa: I M l GALLOS 

TAv. t!**^ T.2?jif, 12S«3. 0TS|S»«3 


«<C*^AS ISM 8 l-f ST« I ^r. F SS.nVl*<»?-H A8P« 

3000 C h 2 

:a^ 4 .' r T 1 CL» 

►f A' IN . JP TC *0 C 


in 


. - . I s 1 0 1 2 1 1 1 n 

•« 1 . o : 

1)2000 POfc'ArtLl AfcLiABLf ••UL n-PuNC T ION bETE* POP GESEPAL PoP*CSE E*"EP- 
SI2JOa fFSTAL aCPA ASO TPOUPlf SK30T1NG. 


' )2 000 

•3200C OC vf lTS 100 •*¥ TO 10 

S120OJ *>C Ci>«fNT I MA TD 10 AiiPS 

B32000 a: vOlTS 10 **v TO 300 VGlTS 

SirOGO 4" ru88-st I «A TO 1 ABP 

332000 IC 0*-«S TO 10 ■Oh«S 

3320C0 

PSFRIES »-l f*000 

f'.r,9^ix •/-C.00001'5 

»US'TICSS OC wCLTS. AC yDlTS. •IllIvOLTS, 

« CMPS ASO PATIC 


cn*«*cs ‘•nof REJECT ICS > 13*00 


PllMi ( AsO SCH«A-r *OV¥ ( 11 C. A 71*. C2I *900 111 

vm*AGf PAS'.E 0.1 "v TO 1000 V (DC f« aC> 

PASr.E 0 T" 100 8»^r 

flASrt 3.1 NA TO 1000 “A 


» •((** .-ACMABr. 842TA/*2 0RM3^A *1130 117 

ros» ICl 4 *T ION loose EGUIP 

wT r*rF PASCf 100 av TO 1000 W (OC \»0LTA..E» 

1C ■% TC 4C0 w (AC VCLTACfl 

10 □»*“ TO 1C ■ fH» 

I jif r . ange 1 -A t: I A I o: » 

1 »A TO I A 8-S (4C» 

s I NP ^ ^S 8 2*0' ) 190 1 1 1 

COSf I ...AAT ICS LOCSf fOoIPPEsT 

voltage AASGE AC- 1. 1.AC. 1*0. *OC«IOOVOI TS 

OC-1 .i.i.AO.lkO.AOO.IOO. 1*00 . 
aCOOVOlTS 

' |A«7C» »2C0P«2»fG.20PEC.ASO 

2C0»f .J-**S 

-Asrf 1 T. 1 eO-ICPCAPPfPE S 

1 .<!• 1 *. :*c«*iLi I Aspf tr s 

l.e.P A-PEPE3 
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JOHW Fl JKf mt-L to INC -PW** 111 

VOiTAGf PAiir.t * ./- 1 V TO ♦/- 1000 VCC 

1 V TO 1000 VAC 

C.Olt 

AAfOOiNfT AANGE UC « TO H/ !0 20 «h/ 


JCHA FLUaC i<fO CC INC «A«2*A-0l AS99S 111 

voiTACfc »mrf u.t to */• icoo vcc 

1 TO 1000 VAC 

AESOlUTION 0.0011 

FAFQUENCV AANGE OC * I 0 h/ TO 100 «h2 


moOO signal CCNEMATnil ISQS2 I 111 I 

ISIOOfl 

101000 ACClMArriT tlPAODUCt SFltCTtO FAfCutNCItS AS ‘iFUntNUS ► f *• Pi»*- 
lOIOOO #QS(S OF WAINTFNANCE AND AfPAlA. 

111000 

101000 HANOnIOTh LC TO 20 RMf 

101000 OUTPUT voltage 3 V TO O.l MV 

101000 

INTCPSTATE ELECTPONICS CCWP •# 3? AIvS Hi 

FOEOUFNCV AAMCF 0.03 m2 TO 3 mm2 

ACCiiAACT 2% 

AMPtlTuCI to OB A TTTHlATI r.S. 20 V P-» 

IT TO OPEN t IMCUI T 

r.FFSFT 10 V IVAPlAPUl 


EXACT ELECT0ONIC INC «I22 

FANOHIOTm 

TAEOUENCt STAOIl ITY 

OUTPUT 

CC OFFSET 

«AOHK-h|TE pmoo 

AAVFFQPmS 


PANOMlOTh 

mount 

FAfOUENCV STAOILITV 

SI2E 

hIEGHT 


A IP*' 111 

0,1 «2 TO 3 

0,UNt/lO MI*,. 0.2X/2V 

PC CP aTTFNLATICN in 10 T-t* ST‘C 

>10 V P-P INTO SO rnr? 

♦/- 10 WOITS 

♦ T20 

SINE, SGUAPE. TFIAKGlf. 'Amps. 
PUISFS, LlN-lC»r. >MFFP«T<)|Or.i«lO 
ANO PIN ST 
0.002M2 TO |Mm 2 
AiCP 

O.CSI !N 10 h|k 
tQXS-l24XlS-l/2 
Itl 0 I BAGI 



AQMOt ANO SCHmAPZ aSSN 1 20A. pul N. IXI tSMO 111 

FAEOUFNCT PANGF 0.01 H2 - 120 vh/ 

OUTPUT level T.7S MV - 6 V 


JCHN FHIaE MFC CD INC 

FBfOUEKCV flANCF 

increments 

SFUNIOUS OUTPUTS 

StGNAl-n-PMASF noise fcAT 
FPEOUENC r STABIL I »T 


■ N%SA-1S6P «n,9S0 

OC TO SO mm/ 

0,01 m2 

> IOC Ort ( NCN-MAaNTNI CS I 

> 30 OP iHAPMnNICSl 
10 ,,,, > tt OP 

2E-‘J224 MOLNS AvAlLAPit 


JCHA FLUAE MFG CO INC at ISA ^ AfPtv 111 

CONF I CUPAT ICN PACK Mr»UNTfO 

FAEQUFNCT PANGF OC TO 11 "h/ 

INCAEMENTS 10 h2 

ACfUAACV •/- 2t OF FANGF 

INCAF-OATA COPP. #UP IAN*- 112 

PANGF 0.1 TO 3Mh/. 20 m2 T(' 20 *H/ 

stability O.OS T Of setting FCB 10 Ml N. 

0.2S 5 nr setting ftp 2* 

ACCUa ACY 2 t OF F S 

PAMP CENEBATOA 100 S TO 10 MjtPCSEC 

WAVE foams SINE, SOUAAE, TAlANGif, PA»P. 

PULSE. SYNf 

^AVETFP atiC 139S 111 

FAECUENCV aancE 0.2 m2 Tq ; ini/ 

CUTPu’ NO DP AFTENuATMN ivAPIANlfl 

10 V P-P INTI ^0 '>*MS 

CC offset •/> s vni TS 

PfSXUTION • /- 21 >S II m2 to 2 •h2» 

STABILITV «/- O.OSV/IC "IN. * /- 0.2St/2« 

MOUPS 


INNSOO PIFTmvSMQC.AAPh. I 1 "PC I NC t uO I NC C UUPU P I ISIOIJ 

INNSCO 

SNNSOO MEASUBf CHANGES IN 91000 VCLUME ANO VALCUlAA PfSPCSCES 
3MNP00 

3NNSOO MEASUAlMtSt b*i,GE H|r.M PaNGE-I* TC SOC L»-mS 

39NS00 LOW panOE-I.S SO Or-w> 

3NN900 

hone viiEU INC •» IP-4 

type impedance PLf TmySwCGPAPh 

001000 AtCflEMOMETEB ‘ specimen movement L'NOI 

OOlOOO 

001003 OFGANISW CONTAINfa AL T | « | T Y AsO ACTIVITY I C V| I MTNITfP. 

001 300 

OOlOCO ACCUPACy C.OOOS r, 

OOlOOO laEWiENCY hFS<*ONSf 0 tC 100 m2 


111 
121 1 1 I 
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fv -IM-MAi ■OA-lU-lf 

’* U TO- Sf N SI n . 

IC 

S«\S|T|V1TV I VCLf/C 

fa£0«J(NCT •iJlPDNSE 9C TO 300 

• PSQlLlTtnS c 

THOFSH^^Ln if-e c 


LS«91 mil 


oai*n »i-fiu£Kfv sniJ^CE iCJwST is BCTh ra6Qi;f**Ctr ASO *“PLlTjDf 
OOlPlJ FAPpmCSES 04 BOSt V|9*4TC»S 
003.' J 3 

O'JSd'lO .....129 TC «00C AOJl/STIBtr IS CrT*vt" 

noJ?n A'TfM.*Tj6 CCSTisoOLSiv aojuS^i^ie is ira !»’£ps 

ooi?in 

lAF** TTf |. <•Ti^•tc^T fo oBWO-AC 11? 

C 'Sh KiihlT K s BfSCt* E.UP 

raFjofscv OCMvE f«E-u!SCI?S pooo 

hZ, Iste«*«C 3I AT£ Pa«cu£S'.|fS 
T3C TO AOCO wZ 

ATTcSUATne I r« i DP STfOS 

fc#>?SCJ - ATf.*»IC ABSL'BFTirs SPEC TB rP«C TC’"? ’5 a L'^C? Hill 

AAZAOa 

^^ZM'O A-.T 1 f AT I vl DFTf a«»lNAT tcs Of *<rTAmu anO Sf •• I ••£ T * l I C ^tEPfcMS 
4^/‘ua IS <i::uj’inNS Asn inoica* isr. ccscestbat ins. 

.^?-o ) 

46?scJ ■avUES&Tm binCF 2CC t: POO S- 

4s.'«-t:3 » T'pfpi-ins A»c**ic APSOB'»Ti::\, pia-f 

«A?*-03 EMISSION. 0V-VlSl8tt SPECTOC- 

, PmCTC‘*ETBt 

shZSOO CQIATFB ACCutACv C. A SASC*F^E>S 

•.n.’ SOO 

ttFCKPAS ISSTPuiaFsTS «2A S2Te«3 

: p*' a AT I NO PASr.E 3 AC T3 ’00 

-AVE. tNC’ »• A ASOf IQO *0 1300 

PBESfSTAMrs digital CroSTto, 0.2 

S»i !SCaE'*FSTS 

jrcjAAfY ./- C.^ SA 

tiFPf AT Ah I L I T > A/" 0*2 SM 

ri-tssirNS 2 AAUHA inches 

mE r.HT 7C EPS 


-a^SCh and ICA" «AC2-2C leZBO l.l 

CnsF ICtiPA’ ICN A3CLL1 P /bench 

APOtS ff *^PfPlTins ATP**IC ABSOBPTICN. FlAAf 

fiAlSSlON, UV-VlSlPtf SPECTSC- 
PmL’0**E TP* 

aAvtlfnGTh .ANGE IBO T3 600 Nm 

-AV‘l‘S-,T.- SfAOnoT DIGITAL CTTuNTEB 

• AvfLfNf.T.. CCUSTEA O.A N- 

.«,Mf*''T» ‘fTTA«f»|r* ..,.«♦... > • /- e.031 NA 

F.F.L. lAuTniP H TmCsaS CC I alAC A12T3 Ml 

CCNP IGuBAT ION lENC -/loose EQUIP 

"COE rpfpATioN ATo* : AnsoBPTirs 

nAwElFNCTm aanGF 2CC <0 PCO N" 

ACruaAC* ♦/- It 

hfcppas f«Te sBasO 

f rs* I :.Lt AT ICS BFsCh/l.„«e EiutP 

l/Pf ATC-IC A?5T'B0T!CN NITm iPA»|Ni 

"CNOChAQaat-tb 

• AvFLFNCTh range IBC TO TTQ N« 

iCCiPACTA > •/* C.9 NA 

Bf sniu’ ICS 0.2 N« 

0A233'' CELL CCuNTlB - BLOCC I 59C7 Hill 

CA’oao 

CA2003 aaaSjBP fLOOn CFit PPOPFBTIfS OP §1 000 Sa-PlES. ESSES’IALLT a 

CA/:.3T cr.uiTFt cnuNTfA 

OAJOJO 

'•./tJO- PASA-F»rrs ♦ . . . •«* aPGl CA I s , .-E "A T TC* I T . P f C ULf'^O 


'•./tJO- PASA-F»rrs ♦ . . . •«* aPGl CA I s , .-E "A T TC* I T . P f C B 

OaZROO -.tU CG(^t.i»4|te BlCCS CC 

0A20O0 COUNT, "EA-. cell VCtUPP ."I 

7A2COO CELL -EnOGlOBIN ANO "Eaa ( 

0A2000 hemoglobin concentbatica 

342000 BE PBOruCIPlL 

nA.'ono 

CCu»L’fa ELK’aOStCS PFS AAOOO 

Pa«tIClF size 0.C09 TC /4 MICPONS 

C-’OSTISC AATt O.OfcC "l/se: 

CIA'NSITNS ABC" H » 33 C" M 1 AA CP D 

■ eight «»LB I2A.3A&I 


.«* MrGiCAlN.t-EAATTCB I T .PE r BLf'^O 

.tu CG(^t.i»4|te blccs ecu 

COUNT, "Can CElL VCIU"P.*IaN 
CELL -ENOGLOBIN ANO "Eaa CEU 

hemoglobin concentbatica 
.•/-il 


/'■ULTfi EllfTPONICS isr 
PA4A"f*EBS 


C • L tfa ILEf Tfc IMCI ISC 
AA«A"C’fBS 


•33303 

HC"OGtOBIS, HfMATOCBIT, PED 
PlCOC ceil CDuNT, „hITC §l300 
"EAN cell -C"OGlCfllN. AND -fAS 
CPU COUNT, MEAN C'LL VCi.UAE. 
cell hEMDGLCIIN CONCfSTPATICS 
automatic 

A133C0 112 

hE"CClO»I‘.. hE"ATCCP|T, PfO 
alooc cell count, mhITs ELOOO 
CELL C3US’. "CAN ClLl vClu"E. 
"CAN CCil -INOGICPIA. and MIAN 
cell hemoglobin ccnciatpaticn 


iO 7-t-^A.C(<4 7-Z 
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420060 etfCTHUPMfSICLOCt 6 *ChP4Ck LS«1.» II2»S 

620060 

4200h0 P#Ci»P4C« CCmtAlNS THt NtCEiS*»V clfCTPONICS » 0« <*EkiSINr* 

62006 0 T66NSMirriNC 66WS PMTS 10tn0IC*l OAT* SUCm *S f CG , EfC. t •'G , 
620000 ECC, FTC. INCiUOtS SfKSOPS. SlGNAl CTHC I T I ONE ft S • “U M »l f «t »S t 
620060 6/0 C0NVF6Tf6S 660 TP6NSM|TTF6S 
620060 

»>fWLETT P6CV6B0 6T61006 6600 112 


CLEcrtopH7Sioior.v beceiveb is<m mi 

P6QVI0E special PECEPtIPN Qf C 6 P 0 U^V 6 SC Ui 6*» AND NEtBAl tllLiar- 

PMtSIUlOClCAl EVENTS VIA AlOfELEPETBV SYSTEMS 

signal types ttECflvED f LfC TPCE NC^ phai rG-»6P 

II ECTBOCAAllor.aAP 

vi-C 'CFCABOI'r.aAPH* 

-All Sior ABPtCG-tAPKT 

:«Pf04SCE CAtnirfG^APMv 

pmonqc a- o 1 nr. ■ a o« V 

ftLOOn CLOT f|p60<«ETEH I S*> I S 1111 

FPQVIOE AUTOMATIC PE ASiJPl »tENT OF eL*S»*A CCAGUlAl|LN 1|P| 


♦ /-c. isfcono 


• L ■H«.l«o-l ,-2.-3 ,-S ,-S A9T* III 

CONE IGJBaT ION HUrtlAA ECbl P 

COACULATtON T|Mf ACCUBAfY • /- 0.1 SEC 

TmFAMAL P6EP-m.PC» MOLD? O® TO 20 f|6»riUBF Cl S- 

POSABlE AFACTIf'N CUPS. ANO UP 
TO tin 12 PN test TlAFS. P«f - 
heats ANO MAINTAINS PIASPA AND 
pEAGESTS at 37 C 

AUTOMATIC P|PE1 nmvEAS "fASuaFO 0.1 CP 0.2 M| 

VniUMFS OF PLASMA CP Pf AGENT 


1C6600 F»Ef/E«, CPTOCCNIC LS'*l6 lllll 

ICPNOO 

106600 POCVlOE A MfLNS »0* EPfWlNG ANP S TO* I NO BIOLO-.ICAL SPECI-^NS 
IC6600 

106600 STOi'ACF capacity IISCU.IN. (l.66(I1FPS) 

106600 nPEA.TTlNG TENPEPATuPE -12CM76 b| 

10B600 M|N CPTir.EN hOlPING T|Mf E mEEkS HETnF'N PEMltS 

1CA600 

tPT-JCFNIC ASSOCIATES ilP-SC AlOOO 

CAPAl |TY. ........ O.TL UC. N2 

FOLOINC Tl'*f,., 24 -YOUP S 

CImenSIONS 4.2SIN OlA»i. 6. SIS LCSO 

mF I&mT l.Sl6IEMP^Yl.2.*^L6(EUU I 


UNICN CAPAICF COPP/l INOF DIV ALP-IOA-6 T2S00 112 

CONE I GUP AT ION LCTSE EOU® 

LIQUID NMtCGES fAPACITY 10.4 LITEPS 

STCPAGf TFMPfPAfuPE -120 E 

capacity 6 CAMSTFPS. US CU. IS. 

llCuir NITEOf.fS consumption .... 0.J4 i/HAY |»/0 CASISTtPSi 

0,’6 l/PAY I •/CANISTI«S1 


20TSOO mEMATOCMT. EiECT6L>N|( I SN 1 t IMII 

20TS00 

20TS00 ACTOMATICAUT DETfP«fNF T mE PEPCfNT hENATOCPIT IN BlOrQ. 

BAPIO f AIAOLIUT and tempi baTuM C t MPE NSA f .-’6 PfCUlPfO 


0*6000 BACTE6I6L COiONV COuNlEP LS^O* lllll 

006000 

006000 M6NUAI. CCUNT OF B6CTCP16L COLCNIE S. UNIT IS ST6N0A60 TVFE 
006000 

6ME61C6N OPT I :al CQPP A 3 3 3C lltS 112 

BFGISTEP - MQPFL 60 TJS6 uSfO TC C"tAlN 

CIMUA6HVF MFCOtniNG CE CCUNiS 

TYPE 0UE8EC COiUNV CCtKTEP. r6PP- 

f IfLC llLU*«IN6T|rN 6PM 

DIMENSIONS lOAllAtO INCHES 


lOSlbO 0IGIT6L PLOTTEB, PBINTCP L SOO** lllll 

104160 

101140 PEVB0660 tSNIC mil 

101)40 

101)40 TyPEMBHEP type 6FYBQ66C USIO FOP PPGWIOING INSTAUCTlfK* f IP »mE 


101)40 COMPUTFP 
101)40 

tertponix P46C1 «)rso in 

0ISP16T 6LPH6NUMEBIC 6NH GP6PHIC 

COPT SIZE VAPI6BLE BETWEEN p.SRN IS ANJ 

P.‘Al4 IN 

COPT IIME 16 SiC IFII.ST rOPVI 

6FS0LUTI0N ACTUAL S|Z' OF 40)0 ChABACTER 

display, BASED LN 93/^3 ►!! 
MAT0| X 


VAMliN 06T6 machines 

SPEED 

PAPER .... 

Typing l tne .... 


■ 6SP1':CASP)S 111 

...... 10 ChAPACTEBS/SEC. 

continuous PQLI 6. sis ,1101 

PS ChABACTEbS 
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space uivision 

Rockwell Inlernationat 




u •accurtTA «*«s/aoo 

(ffffaFNMA( e| 0 ^a«*ic AxPtIfIfc 

: rn Hoovf.s. 

GAIH ^(*Tlsr.S lA 

MlffBlNf Skill fBBir 

BAHOmOTH OC '<() 


sn 7 ^-S /.-004 7 ./ 


«lSf«»CH INI BBIi-ll-IT in 

CABACIIt TO *i BBKS Tf SIG «» S I 16 GBI 

BffiaiNCf TtNP Mt-Al SINK CCN|anilH» TO •/- 

OlG C Af o*r. C M 

AMBIENT TENf» t> TC A9 DIG f 

ilAKAGl afSlSTANCk 1000 Nf f, iJhm 

»>CAT>UB TINF FilO« 12 PEG C SO "INUTtS 

settling t|«f n -s IP mnal valw 


NfEF * 127 - 10 / AllSO 

«>BOGBAi*t*AIH f GAIN M|Th SwnC** ^FllC’*Bkl 3 LTPUT EIlTfB 

GAIN STFPS l» 2 , S, 10 , 20 , SC, UO, 20 J. 

SCO , 1000 

*001 BfJECTinN noi H 

EFT SNITCHING 

' BACA/MOrULF CHNF lUMIAinN 


TFNNFllC •TCm A 29 S 111 

FIT BBE Al*n IF |FB 

ChABGE SFNSIT IVITT . 1 OF 1 2 Mil T S /CQUi LNB 

input NEGATIVE INPUT POISE Fr.lAi.|TT 

hITh INPUT capacitance >200DPF 

OUTPUT Pr.SMlvF OUTPUT ooi SI POl AB | I » 

HllH OUTPUT IHPFPANCI SO CHN 
STAHILITV 0 .*V/V 


HONfTWELl PACrUOATA I Qfc t«OC 111 

PUL ivm TCTHffcNOCnuPl f CONTBEh unit 

rONTAINS COlC' junction r n»»Pf NSAMOS. SUPPALSSION, CAUPAATION. 
ANC ATTENUATION 

■HUNTS NOOUlF IN rU 9 !N.BACB 


ii:- 


BTC 2C2/7C! lUS/NiS 

2.S T'J SC3CB 

. .... L'SS THAN U.OSt 
N|H CONPATiait 


■ ATN I IO 0 .OP 99 . 0 ?l 
...... 1 C H/ TO 20 PH/ 

O./S - /S VOl TS 

SO NATTS 


TFNNU FC 

CAIN......... 

NON I INF API TT 
CONF ICIIAATION 


aOHOF AND SCHIfAB/ 

FBFOUFNCV HANGF 
INPUT VOilACf . 
MAR POME A ..... 


HCNFVMFLL BACCl^AT# 117 

PULTICHANNFI Mint f AND AMPL IF IFP 

channels T 

MfNC»« 


ECNlVMflL PACruCAIA US ASA 7 C 

FICH VOLTAGF or AMPlllUB 

INPUT SIGNAl VIUTAGF •/-SUHV »0 |SOOV 

OUTPUT signal voltage UP * 1 ' 2000 V 

CHANNELS.... P 


NEFF * 122-222 1 

GAIN I »!• 2S00 

CO»NON NODE BIJECTION I AUHP 

CBIFT O-'PICPnvPl T/Of 

step gain ACCuBACV » /-O.Ql I 

SBITCH SELfCTAHlE fILTfA 

tANOMlOTH ILOPH/ 

•ack/mooulf mount 


AMPlHIEP HUiTIPLlKfP 
IMPtOVlS EFT SmITCh 

CAIN BANGF 

COMMON MODE PUECTIUN 
OUTPUT 


PSM102C2SM10I 1 / nO'JU III 

SHICCA/SMIOO* 

QAC* HOUNTFO 

VENUS PPESSl/PE MnOuif - OISPlAT 
ME ri 8 I S TO JO MT, I 
PBIPGF APPlIFIfP PUDUlE - Sl» 
sensitivity 8 ANGES CO -1 "v FS, 
0-7 MV I S. 0 *S PV FS, 0-10 PV 
F S. 0-70 MV FS, 0 -SO PV IS MITm 
7 .S V I BCITATIONI 
MICTHr.NlC THiBPflMETHi PlfMiLl - 
vCAlfS 9^-lOT E, Y*.4.|‘| 


.■ .’i" ■ /■^i" ' ■ h 


$1 JAU 


0.7 tn 7S00 
I 7 CPP 

«/-ICV AT 10 HULlAMPlPfS 


STATfAM/V MUFUEP ANO CO 


CONE IGuBAT IPN 
TYPES 


hONCTMELL 

CL AMPl |F IFM 

FBEOuENCp BfSPGNCE... 

gain 

common hoop BEJECTION 
INPljY impedance 

■OUNT 


817A-F71 


or Tf, ioo«M/ 

MO TO RIJOO in flG-T STEPS 

GBEATfa Than boom 

OVEB 15 Nfr.OHMS 

Monui f IN 7 B|V|N. HA(i< 


M70 


FACfUOATA 170 


1 1 I 




I 


Space Division 
Rockwell InternatKXial 


r ^ w .. .’ H -? IH **- 

r m •- ;i / a****! i . It** 

MlTf^S *• 

IN^JT ajP»»FSSION ♦/-lOOMV 

OP TO Xl0«003 


00i?ia SCUS3 L»Vfl "ETfO LS92J IIIU 

00)210 

00)210 SCJINJ LtVM ASn ItMlTtO fPEU-JcNCY ANALtSiS IN =F4l T I , 

OOPIO 

QOJ21D »-PtOjfNCY I2i TO aCOO h; 

00)210 srusc iFvkl fcANCt NO TC 100 06 

00)210 

660FL 4sr> trjAbP INSTMumFKTG t)50WS «2)00 111 

Crs • l&uNATioN CONSISTS V: 220 SC -M 

*'6TER, I©1) rCTAvE "4K0 
N220 PISTON PhCNc CtLlpaxTr.-, 
♦klCPDPKONES . 4 ' C£lE«CpE tabs 4N- 
C4«* f S 


)0«.)C0 STAININ', '.f.’f** - »4C Ttc in .^r. ICAt LS024 lllll 

)0«S00 

504^00 stain ANP ft Ninrc.KAi «;«»Fri“fN^ FPA -KarSCCPIC tAAPlKATjcs. 

604)00 

VKO sritNTUir niv a4P4?o-c)c %itis m 

CQNPlGviPAT IPN afNCH (Ou|P**€NT 

BtCAPAN INS T P'.JHFN’S PBOTQTtPf 

status npa on saylap 

CAPACM Y«... 8 PLCOt) SM£AiiS*l6 cACTSAU 

SHOES *itTH I ruciN'-. 

^fU^ (,-AvI’T USE VES 

• » IO-T !'<;) r.a4-s 

U“« NSIONS.. N.lxS.l RPr.r-tS 

B^Ar.kNT STiaA;,r Llf^.. 2 YFAQS 

P«|PABATi:jS ABCuT l! ‘In 

IT.tj TAS^-^.AaO • lE<2S III*: 

1 T160CI 

ITUO.’ ^APAfcll ITy T , APPLY rr,«CfS ASO TQBwJE' IN 4 

ITUaC Cf DI«{r.T|PN, *AU»* VABI.'cS hANO/SCOY OPiENTATICnS 4NT BtSTA‘fs» 

1 TINJ3 CLN^l » It.N',. 

ITUCO 

ITJbOa '^AS' ipArf 4PP( C.5 OOUNCS 

ITlftOO 

'/NPAAi e»*^c.-ic «nas q-a^ao ni.» 

C4«46ll ITie* **f4«tPc QN£/T*.r nAMf 0 k f 8C t 

aPP.ITAM^NS -I’MiN •/- C.S IP. 
PfSTBAlN TfST SLBJECT n Tm» 

01 MP60 POSITION . 


LS 0 24 nni 


iOl 0 ’ *• I'M TM N ' T» « - »l ’C • T “ IC 41 v.n«M| » I S42N inn 

iOlCQJ 

JOIOOO PAST, accurate tub E4S'' biochemical baCIATITN CCUNTINC SfSTl" 
)0i003 BASED ON S»4K0ABD SUED BIOCHEMICAL SAMPLES. 

SOIOOO 

30100C STANOAfiD PlANChET uP TO 2 IN OIA 

101000 capacity of PlANChETS 120 

)01000 

HEWLETT PACKABD aBNAOA 111 

CON* I • 'PAY U s BENCH/tCOSf EiOlP 

TYPE NUCLE44 COuNTINf. StSTE“. DLTBA- 

lOM PAC*f.AOLNO, SAS-PIC- C" 

scintillation p€ tec TCPS 

%)9406 MjSS SPECTPO-E^ta LS92» lllll 

4 ) 460 « 

499B04 PBOVIDE AN ANALYSIS OP AN UNANOhN ICNUED GAS BY ATOMIC "ASS 

469*. C6 NLM6EA 

4)96S^ 

4)9404 -ASS C V’ AO AMU 

4)46QS 

ocHico Ai' sA-piE rcLitcTOB is^2N Hill 

004100 

00*il00 AJ8 *AAt|Cl# ANP •* IC"U-LBGAN I SM SAMPLES PQ« Ala QUALITY pcTEAMJN- 

004 100 ATION 

004100 

00«>IOi. AliiALUA 1 PT/MIi^t 

004IJ' SA-»l IN.. T I-f . CrNTlscGuS ... I hCLP 

00*100 

f liiM •* - I CMA |N( . P4C- I A 

SAMWi. li,C mate O.l CL.FT. /iOOSEC « 

C0.1'» L ITE9SCM|A|. I 

► A« .CCNCENTBA’ ItN MEAS ... lf*T P A* T | CL F S/C U. P T . 

i )5E*B PABTIClf S/LI TEH 

PAATIiLf SITE AANGE 0. ), 0.5.1. 0.2. 0.1.0. ).0,10M|CPCNS 

0*2P0 lt.T .‘SAlY/T»J •i.TIPlf lT9)0 lllll 


I S924 HIM 


f liiM •* - I CMA |N( . 
SAMWi INC M AT E 


0*2P0 lt.T .‘SAlY/T»J •i.TIPlf 1*9)0 Mill 

0%20UU 

Da?QOO AlT.-a'K - ‘ilS C» h.Grj ANO iPPP )«I-ATPLY 13 nt^EP <-i^tCS. 
04/C00 

4*0100 SPf fT(,c»**Q* '“PTr« . .fMBAL ANALt/fB LS9)1 Mill 

440100 

♦ 4013a SPCfTAAl ISAL’SIS » CAST* 4N« LiCunS INCLUOINC 53LI0S *.■ L I '.hT 
440J03 Sru^.PS. 

440)03 


.f Ni PAL ANAL tlF P 


LS«)1 Mill 


SD 74-iuN.ii04: 
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Space Division 
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1 i . 


4MM »»tiHfKCT 2*0 tu 2^00 lUM^ftfllS 

4Ml«t t2«0C TO 2^000 AV.STHCMSI 

4MMt iCCMiaCT C.4 

4AMC# 

VAIMl IWTWiftTS «C*«y 14 W 2000 

COIIffttlOiTm fOUir 

MVtilhCtM #ME 1040 A TO 2.*t KlCOCxS 

KCUBACV •/- A A 

•fPODOWCItlLITV < 0,« A IM UV-VIS 

< 2.4 A IN NCAA lA 


MM 

•CSOL^ICM 

PMOTONffllC ACOi^ACV •< 
fMMMTMS 


AIMNINS 

200 m ?C0 HP 

C .5 NN 

«/- C.Tt B 

0.) cm 5.0 hp 


SHINAOZU 

MAVCiffNOTH AANOf 

ACCUft iCV 

tCfOLtfTION 


•AQV-5C0 tl500 

I A} TO WOONil 

O.IV 

0.05N AT 205^NC*^T»AS 


MOrOMTIlC 

MONIWmS*.... TO 50C, 100 IQ «0C* «-0J TC 

60C. AOO TO A50 ANO 050 Tf? 1200 

NANONCfCaS 


COIIAI« 

CAMUCNCV AANOC ... 
AfSOLtfflON 


§5‘-50 

|A0 TO SOON* 

♦ /- 0 . 0 A 5 C^|TS TUtl SCAU 


ACiCiN HNCA INStAUMfNT 01 V A)21 115200 

WAVflfllOTH AAa»6E 1C5 TO 2 500 NANCNf TEAS 

AMfS * A-V AECOAOEA 

aotoaatic beaetative scan 

6 A TUAMM ASSOCIATFS A}50 «|60<1 111 

NrtVaPiCTA AA1ACC 21C t- ^0 1000 N** 

ACCEtWIIS 110-00 !• ACCESSnav 

31C-0A0 0% ACCESSOAV 

CATICS AFALICTION TVAf 

NAmUBCTM ftCOi^tACV 2 NH 

MVCttMTH «Cc«OUt OIGl^Al IN NM 

AMoreafTAic NCtffl o.5t 

•KAAOil iNfTAl^lCAiTS aAC TA N-vf| 111700 A21000 112 

SAKfAAi 1 -AOOSN* fAHOTONtlT lufiEl 

ago -1000N«tlCAO SUL^IOt CfLL> 

ACfOLWriCM.. AITTEA THAN .OSAAl | 9C- 500N«) 

AETTEA Than .inn iaoo-iooonni 

iMOtOHCTAIC ACQPACt 001AT l.OA .01 AT ^.01 

CNAAT SAICOS........ .02 tn 4NM/SCC ll«u-AOOA»l 

.Ce TO 1 ^NN/Sf c IA00-1000S*'! 

SCM CAAANSION 1 TO lOOlPi/ I NCH 1 1 AO-AOO A*> | 

« TO 400AA«/1NCMf fOg.lOJOKAl 

ClItfNtlONS*. 2ABA2l22lNCHFSI6lAI5TK5bCAI 

NCIOWT 250 LAS ini*Cl 


•too AAfSTMCTIICA - INVCOf f MATE S 


LS092 11114 


•OOfOO AfMPCA INVCNTCMATF OACANtSnS INSENSIOLE TO FACILITATE HANOLlNC. 
MMO 

M 500 MVftTMCTtC MS CAAFON OtOAlDF 

ooitNo 

IM 015 AATNO 0 AC»fTN|C GNIC LS 911 111 II 

tAOOIS 

lAAflt ANTnMAOMETAIC NEASUACNfNTS OF ¥EATfAAATES El TmEA AENCTELV CA 
1 AA 015 AUfOMT 1 CAI.lv. 

| 40«15 

lAMlt SNAIL CAIO 5 1 15 C« SAACEO AT 1 ■« 

I 4 A 019 nCOlUA GAIO 50 I T 5 CN SAACEO AT 2 AA 

IA 0 AI 5 LAtOI GAIO 2 12 - SAACEO AT 5 "A 

14**15 

ItTQOO iMCH. lAHIA 1 * AfAAlON LS 514 11114 

ItTOOO 

ItrOO* A tiOVC « 0 X hITH AELATIVILT HIGH Alt FLON EQA CONTAOL CF 

liTtOO AANTIOM.ATE AND GASEOUS CONfAPiNANTS WlTHlN 

1 IT »00 

IffMO tMCM. CENENAL flAfAINENTS LS *15 1 f 1 1 * 

UMOO 

ItTtOO AflOViM NOTNC AAEA FOA AAEAAAATION CF ClAfAINENtS* E>A«A|NENT 
tlTOOO NAllffClVAlfCC OMMVATICNS. ANO AAE AAAAT TONS FOA AETUAN TO EAATh 

liToao 

IITOOO fLiCTAICAl UTfLlTV 2 AV 0 C . 40 CM 2 AC « AOHf AC 

ItTOOO VACUMN utility .....lOE-A fOAA 

ItTOOO AAitSuOC SOUOCI 50 ASIC IS. 4 SEA N/N 2 I 

lOTtOO AOAUAOLC CASKS. .CBVGCN. NITAOCEN* CANACN OlOAlOE 

li 1«00 

OtMSt CANiAA CINE ISNIA It 111 

009055 

099055 MOV IOC » ISUAi OfCOAOS SUCH AS AHOlQPlf AOCAAAHV, T|N€ LAASE 
AlCONtS. I'mOTONICAOSCOAt AND GENfAAi CaAEA|NINT DOCUMENTATION 

059055 

059055 OAfAATION MOOC VAAIAflLl FAANE AATE CA SINCiF 

•59055 FAAPC AulSE OAEIUTION UNOCA 

•55055 AfPOTF CONTAOL 

•tlt 55 AIL* U OA 15 MN 

IMI SCLKf IC« MOIMT lens STSTim STANOAtO 

•55055 tOOP LENS AS A PIAINUA 

•55055 ClAOSUAI STSTfM AUT 0 N 2 *T 1 C OA 20 ON 

099 tj 5 AILN CAMCITV....* 50 « 100 OA 200 AT II 5 . 2 . 10 .A 0 * 

059055 40 . AMI AO.LS 


SO 74-SA.0M7.2 
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of«on 

J IHC OCt IIS - 20*000 SI 1 

»li.M \t »•>* OQUSLE C® SlK0t€ >E*FC»- 

ITfO 

•••••••*••*••*■•••••■•■•■ 0»2S5 I 0*40® INC^ 

PtAMf liATl ••**••«••••••••••••«• I* 4* 12 AND 24 ^A/SCC* Tl**€ 

ShUTTCA S»|f0 TlKt* 1/40* 1/125. 1/250. 1/500 

«S0 1/1000 SfC 

fllH capacity 50 fT STO-iASf Pit". 145-165 5T 

ThIH-SASE 

PIDIN ON APOLLO 

J A PAUAft INC POOTtSET 16 511 

PPA4I SPEED B'5b fPS 

LINS NCUNT 4I0EBASE RAYON/T TYPE 

^ PAGAIINE 4CC fT 

ASA a TQ 500 


MATTlC-COLfHAN 


A01014 CAMIRA CCNTRQLLEP lS53? 11114 

101014 

A01014 DEVICE TO CDNTPnt Tm| OPEAATION Jf VIDEO CAMERAS TmACUChOUT Tm| 

A0I014 laaqratqaips 
A01014 

055050 CAMfAA, PLATE fiLM LS51B 11111 

055Q50 

055050 PPQVlOE STILL PKHOGPAPhIC COVERAGE 
055050 

055050 PIL** Types. peS'^ilutiqn Glass platc 

055050 STASOAAO 2 1/4 X 2 1 IS (4»75 

055050 A 5.T5 r*«i ROU 

055050 TOMm 

055050 POLAROID 

055050 SMUTTft SPEED.. •**! SEC T.'> 1/500 SEC 

055050 

HASSflBLAC R5CC EL H411 111 

TYPE single lens REfLEP 

CRlvl .......................... Electrical cr “anual 

LINS BO PM planar f/2.i 2EISS 

^ 50 “M DISTACCN p/4,0 

H CLOSf-UP LINS PRCAAR 0.5 fOCUS RANGE 

■ IT, 25 TO 24.25 IN 

M PAOIAR 1.0 fOCUf RANGE 

pTf 21.25 TO 42.5 IN 

PILM SI/E 2.25 I 2.25 IN 

^AeA||Nl cassette and PLAlf 

TERTAOnII INC RC-12 I59C 111 

LINS TS MM 

STOP p/1.5 TO P/U 

PAONiPtCATION 0.R5 

LINI SPIED 1 TO 1/100 SEC ^ECh 

4 TO 1/60 SEC UECT ^ 

Ml" type POLAROID 

TfRTBONU RCIO B525 

OAMINUM PtlATIVl APfRTuPf P/l.« 

MAMIPICATION O.T TO 1.5 

PILATIYI SPffO 1.0 

PIliO CP VllM 3. 15X3. RUN IMIXPI 

P|LN TYPE PQLAPOIC 

NlnlTT-PACRARO RI5B 1*20 

MAXIMUM tlLATlVl APEATuRf P/1.5 

maQNIPICATION UO.B5 

SPUD B TO 1/40 SPC : 

piLM*TYPim*imi!II!!«!!r!!!!! POLAROID ’ H 

MlUilTT-RACRRaO MSSA A1025 H 

PARI MOM RILATtVl APfAToRf. P/1.5 . ■ 

PACNIPtCATIQN..... tlC,5 

SPIED • TO 1/10 SEC 

LENS R0«" 

PILR Type..... POLAROID 

610000 VIDEO CAMERA. |/m LS5S" 40I1I| 

Aioooo 

450000 PPOVIOI "EA4IS OP ACTIVITY NONIfO«tNG« ElPfRIMfNT DATA ACatitSlMCN 
410000 ETC. system mill iNTflPACI MITm A 40 INPUT VIDEO mulTIPLEHER TQ 
400000 PIOMir Tm| MONirOAING OP 40 similar VICED cameras. 

4 00000 

410000 visual response.. ......approximate HOMAN EVE 

60000'' VlOfC OUTPUT CONSTANT «| Tm L| GMT Lf Vl L 

40000 CMANGEI OP 10 TO lOOOOPT C4M0LES 

6'lOeO« 1.4Y P-P COMMOSITI. COMOMMS TO 

600000 ElA PS-l^O ST6N0AR0 

400000 

CENfl H PCTtOOTNAMICS COPP RIC 6010 A-1 AlOOOO 411 

c «u#ArioN loose eolip 

TYfr IlICTRDSTATiC pOCuS VIOICCN 

TUOI. PLUG-IN PPINTEC CtPCUITS. 
solid ST4TE system 
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»(!>aLUT lOH rC3 I < 

fHAMliSI ^ I 

VIDICQN 1 IHC** roiMO 

LfNS Z «UUIT 

VtD€0 OUTFIT 1.*. V F-F Cn«IFnSITf |kT( IS OHPi 

AUTOMATIC COmSTAnT VIOEC OuTFUT. 10 TO 1 0 *000 T t -c a SOL I S 
HOPUMTAl SCAHMIMC fPeOU^MCT *. l*^*7^0 M/ 

VEATICAl SCAMMINO fFEOUfsCv r«/ 

iNifFLACE ^zl 30 m/S€C 

■SF(CT PATIO 1:4 

SMETF L INEAP irr > It 

ftCA CLECTPtrMICS COMFUHEMTS FA*?! iS^O 111 

TTFE VIC.K iN- Siii* lUc 

^OTOCOMOUCIPP II 

IMAGE niACONAi ? 4 en | j r*41 

FOCUS liAhUAi 

COHU IMC. ELICTPONICS OlV. «t??0 Ul 

IMAGE CQMVEPIEP ..... 4A«6F ¥lUICrN - CCLC^f 

PfSOiUl lON-lMIPl /ONtAl t |**rT .... lOOlINfS •»IS. 

GfOMETPIC OISTOMTIOM ,? » Of »IC MflGHT 

iENS MOUNT It mm - C-mCUN^ 

COMU INC. ELECTPGMCS OlV. ■?000 » «000 ill 

CENS-eulLTlN 4?l I^O-FO “*i «/?.S 

lens ATTACMUfNT 4:1 

LENS INTEPCHANGf API E lC:i IIS-ISC '■••1 /^im 

1 t “M » » L 

10 tH/ pANOWlOTt* 4M0C /OOfel .... OB IIV IVinULV 


20 mm/ PANOMlOTi* IMOP 20041 .... ATI ffl | | SI *VlDIC*:S 

FIL SPEC IFICA^ IONS -v^7^C , ■U-St|-Bl0 

COHU INC. FLICTPCNICS ti I V i $ tUS«4S0C. 4222S Ul 

LENS 4.-1 ZOOM 

IC;l/00*> 

VEPTICLE S*.FfF PA t ^C« IKOS **»■ SI i 

HOPI/ONTAL ShECP T ‘-2S UStSFIB rcA»< 

IMAGE llJPf TyPf .. B'^IA STO 

LINS MOUNT IE MM c-**r;LS^ 

FIL SFECIMCATIONS mIl-E-S 4C0M. *«f i -f 3yJ*' 


AllOOO VIDEO CAMEPA, COLOR IS<I 40 llltl 

APIOOO 

411000 FP 0 V 10 E COLOR VIDEO DFST®VArirNS 01 l»PfPlM«NTAi ASIMalS. SETUPS. 
401000 ETC. FOP STOPACC V |A VIDEO-TAPE fflh TPASSMlSSriS TO Tm| GPfusO. 

401000 

401000 PESaiUTION IMIM.. .!SOltNlS 

VIIOOO lens SIANnAFO ISHM* c FI uM 

411000 

COHU ELfCIFONlCf INC ■ 1 UOD / V ICC / '•R 1 ) A 2000 J 111 

CONE IGUFAT ILN "UTm * AM- maO'-flU *1 i U I » 

COlDM STSTC" ................... J wIDirUN StSTI ■ 

LENS C MOINT vimcc s-r Cbfai 

PfSOlUriON IMCEN CE^ANNFl » L 1 MIUN(# AT SOO LINES. SO f A* 

4 CC lINfS. lOUC AT IOC I I AF S 
SCAM LlNkAPITv < It 

VIDEO OUTPUT c. » w F-P sITh 330 f CCI I AF« 4 r»T S 

COMU INC. ELECTRONICS CIV. pI /20 AFfclO 111 

imacf coNVEP^fp ................ 4 F 46 P vinicr.N - coirp 

Pf SOiUT ION-MOP t /r>NT AL ilMlT .... IDt) fiNfS m I M. 

GfCMflPlC OISTOPtlON ........... < 2 1 n* Pit miigmT 

lens MOLPET It MM - C-MOLFiT 


COMU INC. fLlCTRONICS Olv. »?COQ 


lENS-FullTlN ........ 

LINS ATTaOMENT ..... 

IENS INTLRCmANGFAPLE 


10 Nh/ PANOmIOTh IHOL 2GU6 1 
20 Mh/ FANOmIOTH EMQG 20041 


4:1 I 2 D -40 P-l f / 2 .S /n m 

4U M2.4-PC M-I 

1 C :1 IlS-lSO HP I */ 2 .F /CLP 

It mm C-M0U4T FFl 

S2S PP T29 tINF EvlOICIN T24»Al 

AM DP 44 S LINE (VIOICCN PSMI 






Fit specifications NU-f-S2T2C* Mn-VtO-PlO 

COMU INC. ELECTPONICS 0 1 V I S IUNP4400 A222S Ml 

IENS 4:1 2(inM 

lou/noM 

VIPtlCLt SAUF rate 40MILDS PfP SAL 

tOPl/ONTAL SNEfF FATf S2S LINES RfP FRAME 

INAGE TURE TTFC R«4|A STO 

LENS MOUNT ...14 MM C-NOUNT 

MU SPEC IF ICAT IONS *...**. M|l*t-S400M. m|l-E-S1C0h 

COOSOO centrifuge. AEEFIGEPATFC. t-IGH SPEED lS4*l MMI 

ONOSOO 

COOOOO separation fOUIRNENT TO SuRPQPI ■EOlCAl AND RIOlOGICAL RESEARCH. 

ooosoo 

OONSOQ OPERATING T f mREP At UP E . * 'S TO SUE <2 Tfl | OC I 

OOOSOO SPEED.* TO 2000»RM 

OOOSOO 

PECPFAN instruments RJ-21fl«jA-2C 1 |4S0 111 

SPINNING bate U-20Ca0 PP* 

APPlIir GPAVIIV 0-4P100 -G- 

ACCIIMOOAT ION p-*0 ml TIJPES 

PGTOP 20 

1EMREPATURE -ISC At PfTUCEO SPEED 

2 C TO 30 C FULL SRTE 0 


.SI) 74-SA-0U4T-.: 



Space Division 

Rockwell International 


iNTrkMM Ml. f CO *p»-: 

bP|*.M*,r 

I S = £ ... 

1 f 

automat IC T 1«£fl 

INTf (NAT lONAl pqu«p*'PnT CO eMA-I 

SP1^M^C PATF 

%f PABAT ICS rcnce 

TF.MPtBATUBF 

ACCoNor AT* K7K 

AuTO**AT It T |MFB 


♦ 5100 IW 

0 Tr Mioa 
▼0 ?5000 
-15 TO 10 C 

2 M|S TO 2 lAOJC^TABLE) 

AllOC IW 

0 TO ?C000 «P- 
Tr ^0000 r. 

-20 TO -.C C 
8 PlACFS. 53 "t 
2 TO 120 -INtTf S 


ISTfANA-lOH At POurP^FS^ CO BP-2C * 

SPisMsn a*rf ?000C AP*» 

SfPABATirS FC«ff SCOOO f. 

TlMPCBATuat' -50 Tl) ICC 

l . AT ACCC**'^C*T mss I? A IS "I 

FCp^AS rs5T«.i*«PS^5 |T,C «L*-5C t 

SPISMsr. -ATI 0-50C30 PP** 

applied CaACiTr 0-9SC00 C 

ACCO»ODAT [OSS 1.5 «l CaPaCI»* 

TPhPE^PATuBI 0 C TC AHBIfST 


PS£ 


AL'- net- jPfFv 
5P INNING PA’ £ . 

APPi I f C Gfc AV I T 
’fuPFMA’. uf 


•4 B- ► 


A’ ’At hM£N T 


.... 22 COCAP" 
.... 1 T£ 0 C-G- 
-* ’C 


CAAOOO CfNT-|tul£, *'IC‘>; L5 <>s2 II 

Q6A00J 

0680Cn ClSti-IFIfAi SfPABAtiCN CF PtClTGICAL SA-plES 
OaiOGC 

OSNOOO CaPACITt.... .s fAMr 4 .ES 

CAAOOO SPEFDIMISJ .. 1 T* 3 PPm 

OSiCluO '.LASS ’viAE SIZES C. 5 Tf 5 -L 

aAAOOO 

I NT! 6 sat I CNAI fCulPMisT Cf • 2 C 2 11 / 2 C2 1 * / 2 0 2 1 h A«e 

COSF Kt a AT |-S 9fSCt-FL0DSE £iUlP 

APPlKAMLN M|tAC CA SEPl-^ICPC ANALYSIS 

SPINNING *PBfn 1 TPC AP“ 

SPIN STAMlIZATICN T 1 -£ IC SIC 

ACC'J-^OAT mss 0.£. 1. 2. 5t 5 **L TyAC S 


i ;2 


A[A-S -OYNAC 

SPINNIS cam TCO TQ ?SOCPPm 

APPMIO GAAvI’y 85 Tl' loac BCf 

SAMPlc CAPACITY 2« 


• 26 ’ 


-SE 


■ T • 41 


*p I NS IN 
APP. I » L 
SA-PLf ( 


SPCrP 

a A^ |T *t . 

apaC « T y ..... . 


nCOCPPm 

2^00 


§AUSCh anO L0**8 INC aSTSTEm CfsTaiFuCf 

CAPAC ITY ICC sample S 

time to spin OOmn ' -mi^TfS 

MAI. IN8AL ANC A 2 UiP M 

SPfCO uP TO *CCCAPM 

BCF 2300 AT %OCOPPM 


CIA»-aCAMS, inf IICCA *12^ 

SPffD aan.E iCC TO ICnC ppm 

samples 12 imaai, 15 ML IACm 

r I ME NS IONS. . * * 1 5112 A2» inch! I 

ClNMCuAATtON 8 ENCn MOLP 4T 

•ECiban SsS’Ij-FnTS M '2 A2*5 111 

SPINNIS lATf 0 TC 16000 PPM 

ACC?- . AT US fc»»l TUBESI20I 

: |M» ss I SS ^1 7» T I SC"E s 

Mf I ,m’ I } I E Sf S**t PP|NG> 

»raEA I 15v 50/60 

C* vFl OPF'> G I I30C 


• 01015 .AGuJ" ClfASfA LSN*.! IIIll 

601015 

• OJ015 COlctCI 'ISIBAL I AdOAATQH .iS’E -ATfunLS, HAT, DlST AND DL8PIS 
•05015 

• 05015 «AluuM 5 a:j vJLuMf.... . . ( . ItC l • • ’ . I1C.2LITEPS) 

•01015 

•01016 CLlNOSTA* 11111 

•C5015 

• 01016 MQtn* 06WFS MOoSTISG STA.C’uP» TC PAOvIOF CCNTInuCuS PCTaTICS 
•01016 r » Pi AS’ s AMPi Es 

605:16 

6 OIOU fi-TA’IOS BAtfS t«0 

63101‘ PL At M 4 r,..f ISO TPO 

605316 

15 5000 C( - ■ 5M''B , • AST * . A ir ' I.S6A* 111 I I 

15IC0J 

518003 LiM-^AL’^ «4S’E 'ntlD* » ''b 'A.* '•asDUnC 
I18COO 

118COO c' MP4 r I Ni-isi ;/6 initial yciu»e 

1)8000 


C -12 


ID T4>SA*0047.2 


1 


lOB i»»ii mi 


tioo 

0*2 n»M IT.2 
.!/« IkIflAL m 


•Mf* cniilitttMMioiM. ncAiuPimTs 

•M7« 


«TTir»eft. ftc. lUCH M 

JJJJ2 ••OCfiifS. IMlVtlKMi tt««AVimil T»*|TS« fiaou* 

•JJJJJ *^^* ”?**** iicu®ff ftiurBAL rtitMSf ciskav 

•IM7* M IMItM. 7U»»OH MiPONCf «FraOM9 


MOCiSSa PM MM, 


•1MT« 

IMMO •IfttVM. CONPVTfP 

iM9M 

iPtMP MBVIM iUrOMATll 


.CMPtil PHClPflML 
•ClMCtMlIil AHe TKflWIM AtlLlfV 
•IVMOA V 

.MACTIOP Tfl«>SlP#ll AM CCHnil 
.IN9IVIMML ■fNAtrlOPAL fPAIT* 
-MOI» •fMAVlOPAi THAlfS 


ifian,aT COP 

IMIM U. 000 m 0»0 

?Sirr If"* 

IttOiOO 7fi|0H€tA4. CA#iOSliri|S»,,....D|flFrr MfflCMY ACC4FSS 

■ OflM .•...-•fLfimi lOfEtluAf $T«UCTUt2 

iSm SIMIF ttr Sft AMO sfMSf im« 

CAAAAIIITV V U» TO ** LIMfS 

1 02 too 

OAT A CfMIAAL COAA AMUVA AOO 

MAO LtMATH t* HIT 



coif MiMOiy ,2n Hit 


COAf MIM0A7 


AMfAMO^t SC tSAOO 

AOAO ilMCTM 14 h|t 

*ntoo 

CAPApM |4 4|f 

EIJi*«IiSL**** MAMOSfC. 

VAAMH DATA MACHINIS ft20/l ii 

22S3 1-tMICAOSlc, 

iWAMOAltr .♦OMAAVTCSIAAIfSITD 

AfOISUAS JJ.TMtTFS 

CAfAANO AAKIStOM uA TO 52 At TS 

MMISi AfFfAiMCf A.IA.2A.0.*,; .,T uvfL 

*<AS full tlMOf lurrAAACI 
HAAOMAI 

VAAIJM OATA MACMlIifS AA-A20/I ,, 

lAlIC UMNAMM OVfA 100 “ 

amaissimc Moots * 

- «.»aa 


MAO IIMCTm lA 00 li 

Affitmts mil J ® 


^ ‘*A1 FUlt AAMBt IMrfAAlCE 

HAAOMAt 

CIAAt OATACOMA SVSTIMt IMC M0« ,,, 

SimTAPHIUS TftniMACS 1 * *** 

Till Tm MAI UA MfViOAAO 

UtlTfi*. All 

1 AAI» l«M I 12 tACMI 

* ia» aa, •* oifs 

CAAACITT lt|4 J4 MWIOS, 4#M |A 1|T 

MADS.CA AOOtflOMi AffA lA t|T 
MADS. TOTAi At ISA MOMDS 

AMAAC AMTOMATIOM IMC. Alt- SO ,,, 

UPfA»i:« SMAIlfA CCAPVTIAS 

CTCif TMf 1.1 mCAOSfC. 

SiiWMA AJfTCMAriOM me. ASAC-IA 111 

IM 

}4 0|T| 

trat MfMAT TIMf ... AOO fo 14*0 MAMOtfC. 
■SnitSiTJ!?*?!!. ••• ^ **• MMOSM. 

■Ml TaSmaaI *•* ™ *-• MICAOffC. 

VI TAAHtAM AATf •«AAAf*AA tO 


■MAAi AuTMAfiab me. 


AfAC-12 

AA TO lAA 

t AITS 


AMO IIMAFM HITj- 

Atvif T !■§ 2. 11 MICAOilC 

»«•« IlfCUTIM AATf .. 

..•••**.. O.AAt*OA/SfC 

* AtAISIIAS 

A 12 At f 


*D TA.1A.AM7.2 




Spac« DivMon 

RockwHI hternaHonal 




otciTAi roMt*««r«i* « iMi> vi-op a/r i2?ooo in 

•fBOav * 096 i«; 3 ilif ia«NOaau fc 

kiOaDS 

aoao 12 BIT 

CTCLl T|N| 1.^ alC«0>TC. 

los^oa aaatoG lo otGirai C0Nvf»TFa isa*® iiiii 

lOlBOO 

101900 SUOaOBT OICITAL CONatifCA. INClUOfS LO^CEVCi «LLtt »*t£ if*. tNlT 
101900 SHMLD Of A aaOCBAMMAOif CAIN U BIT T>»€ 

101900 

109004 ni9H 1T0PAGE SrlffN I '9*9 11111 

109004 

109004 STOATS fATA IN SUABOAT 0# fON»uTEA 
109004 

10900* sroAACT caaacitt .*.9.0Tt Nraos 

109004 

ANALCC Of* If f s INC. #AOC-*S »T4 111 

Af SOLOMON • BITS 

EBBOB */-0.2t 

CCNVfBSlON ^INE 1 NILLlStC. 


ANALfC DEVICES INC. 
•f solution 

fBAOB 

CONVFBStON TINf 

ANALCC DEVICES INC 
AfSOLUT ION 

fBA3« 

CQNvEASl'TN TINf 


bACC-1202 

I? BITS 

*/- 0 . 012 SI 

24»ICB35fC. 

BAOC'IAO 

UM IS 

*/-o.aoi St 

400“IC*0SfC . 


TENNiLfC bTCSCO tOOOO 

CONVEASION TINE )«ICBO SfC 

C0NMCUBATI3N.,,.. CD*«PAT|5Lf Nl x 

CABACITV 2C40ChANN(lS 


m - i 


TENNCiCC AlT 9?C 

fHANNflS a 

Channel o«ell tine ?oonsec 

CONF IGuB AV tCN . N I * COMB*T|SlF 


ANAL or. INBUT BANCT .•*. 
SAMBLlNf BA^I 


ACMOf AND SCHaABC BUd* 210/1 111 

I 22!. 9401. 021 

ANALOG INBUT BANCT *12 TO >12 VOLTS 

SAHBLiNr BA^I > lOOOC NfBS/SIC |BfSIT|vEI 

> ITCOO NCAS/SEC INfCATIvfl 

CATA PuTBuT «*i OECBOES lACO C DOE BABAlLftI 

O'UOO biases I SEBIALI 

414003 HAONITIC TAB( AfCOBriA L S940 Hill 

42400J 

414C00 BICQBO DATA 
424000 

*2*000 Oi^A Ai.f 10* B»S 

42*003 TTTAI 'ATA SlUBEO lA.OfO* B1T< 

*2*000 

ABBEb COBAOBATICN aab>200 121 

EANOnICTm 100 Hi TO 9129 m| ThACuCh 

100 H| TO 290 «M| 

TABE hICTk 0.« INCH 

TABE SBffO 1.BT9 TO AO IBS 

BIOADING T|H| A HINUTfS TO 4 hA | ANP lA "INS 

EOAhaT Old lAL 

TBACBS B OICITAL, T ANALCG 


. 10* BBS 
, I4.0E O* •! t< 




-■ ^ T 

i,: |- . 


AHBIb COBB BAB ITCO A 24*000 1 12 

TAACBS «... 14 

TABE SBEEH WO IBS 

TAAf HlC^H 1 inch 

BICOBOING aOPl OIBACT 

BACaINC OTNtlTT 2 C bB/ 1 /T 

- SlGNAi/NOlSf 23 OB 

cata cabacitt *. 2 T*io 

AANPhIO^h 2 HB/SIC/T 

SANGANC IlECTBIC BSAAEB III a 2 A ,900 HI 

TB 4 CAS 14 

TAB! Mirf- I INCH 

MB* SBEEDS..* ■ SELECTAALf SBffOS BBfB 19/14 

" TO !23 IBS 

.'•EOuENCV BfSBONSf 4 CC Hi TO 2.0 **h| 

•IL'^BDING AAT( 400 BOAS 4 T 120 IBS SEB|AL nOOI 

nC IGh* 100 BOUNDS 

OIGI-OATA COOBOBATION *1400 BIA 90 III 

TAPI SBffO 29 . lA.TS. 12.9 IBS 

TAACBS T OB 9 TB 4 CA 

r**A ninsiTv itoccBi Phase inccoeo 

2 C 0 . 9 * 4 . BOO CBI 4 » 2 I 

TA*( 0.9 INCH. 1.9 BtL* 1200 fflT 

cir.i-OATA cr»p *ation bi’cc/bo.*-i i/t-* * 92*3 iii 

T 4 AC* h 4 || 

TAPE SBf^P 49 . JT. 9 . 29 * li.TS, | 2.9 IBS 

TABf 0 .* INCH, 1.9 41 L* I 9 B/ANSI 

CONBATIBlE* 10.9 INCH BflL 

TBACBS T OB 9 

TATA '‘ENSITf Phase ENCODED 

^ COHBATIBlE 


SO 79.SA-0047.2 
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Rockwell Internahonai 


Pscsssn sTSTOH/c % **500 Hi 

TSPf FOPiiAT BOC. r r,a ?oo CPi ».»/l **‘0 

1600 r.Pi pHss€-tNf ootf 
CMSNNEIS 1 n* 9 

TAPf SPfEO 10 TO 6^ 

TA»F 0.) INCH. 1.) 6ELS. IBN/ANSI 

CQ«PATl«Lf 

BdC M4PNE? PPEBT Wl 

TPACAS 30 

TAPE SPEED OP TO 1000 |PS 

tape I»ICTn 1/2 inch 

TAPE lENGTh 240C EFEt 

PACMHG OENSlTr IS rP/l/T 

SIONAi/NOISE ?4 DP 

DATA CiPACirv l.Jf**! 

fANOWlDTH 6>|S ha/SEC/T 

tCACH SMTP 7000 111 

TsaCHS 12 

TAPE SPEED 12C IPS 

TAPE MfOTH 1 INCH 

TAPE IENGTH,... 4200 FEET 

PAtSlNr. DENSITY I 6. 7 nP/t/T 

SIGNAL/NOISF ................... 2? C 

DATA CaPACITt 2.21*10 

BAnOmIOTh 2 HP/SEC/T 

HEMlfTT PAfKABO SJSSSO AI0200 til 

EANCMIOTH ICC KH/ 

CHANNELS * 

■ ECQPCINC FOPMA* OISffT f.P f- 


HEmlETT packapq 

PASOmIOTh 

CHANNELS ........ 

■ecnSDlNO FCPMA* 


HEWLETT PACKAAD A3*iS0A-Cll A2 3 BOO 

PANCmIDTH SCO **l TO 2 **H/ 

CHANNELS 1* 

PFCQBOINC FtlPMAT OlPf.tT QP Fm 

HEWLETT PACRASn A5S60A/1 ’065A/1106 3A 44 746 

CON* IGOPAT ION 4AC« MOUNTED 

tape SPEED IS. 3 AND 3/4. lS/16 |PS 

CHANNELS 4 

pFCOADImC FDAMAT tn 

PASSPAND S «H/ 

S/N RATIO.... 4P DP 

TPACAS to 

hCNEYmELL eS600 4^T30 

FQPTABlf TAPE afCO«DEP 

CHANNElS 7 

SFLECTABIE TAPF speed range IS/lf TO 601PS 

PAR I HUM BANONlOTHlOraFCTt....... 30DiA7 

PAC«INC OEnSITt* UP TO F.OOPBI 

Wf FwhT 701 NS ( )2IG.; 

INPUT VOLTAGE ..?PvD( 

HCtHETNfLL SN6 %l 7420 

CHANNELS 7 

SFIECTABlF tape speed SANE.E lS/16 TO 740IPS 

■ EEL SI/E 16IN 

MAAlNuM AANUmIDThEOIPF.T I 2« H/ 

TAPE width. 1/2 IN 

APPtJi COPP SAP TOC A2**«1B0 

TBACrS I- 

TAPF SPFEO NO IPS 

laPF width I INCH 

PFCOBO mode... OIBFCT 

P40CING OENSITV 20 AP/I/T 

^ I GNAt /NOISF 20 OB 

CAT A CAP AC nr ME* 1C MTS 

PANDwIOTh I MB/VC/T 






I041BO CM TISPiAT LSPSI 4|1 

1041 no 

1041B0 DISPt AT GPAPHIC AND ALPHANuMEBK riTA 

1041 no 

AFSTParH INF A33CO tlSBa 

FOB-AT. .24 1INESA72 QP fOtHABACTEes 

24 i INf SA*0 ChAPACTEBS 

12 I INI SRT2 OB BO ChABACIE PS 

■ EFRESh AATE. 40 H/ 

TBANSFEB bate.... .........ILL TO 2400 BAUD 

ChABACTER FOMW .....Sit rOT MAl-il 

CIMFNSinNS I S- I 7 2ME1 }-l /2 hE 2 t*l /20 INCh 

• ‘ ir.Hl »4LB UT.T«r.» 

HEWLETT PALiARn «26a0A AlSBO I 

peseabch INC pBi2*3iri nsss i 




SIT 74 .SA-aG 47-2 


I 

i 




Space Division 

Rockwell Inicnahonal 


CHANArrca 
riiN^rca bAT( 


a' W LlNFS » f? 06 C«A6«CT£aS, 

>6 I SNf < » 60 J "tWACTiaS 
"►'•ar 5x7 OCT i«ATa|it 

n ilc n ?600 H*uo. u i\ «»it 

Chirac teas 

HALF QA Full Oo6L( A>S»|| TC'^AHLF 

lOfAl 0« AfwOTE 


«€SEA»C»’ !Kf •n&S'Ai^ Ail, TOO III 

CO«PlFTE DATA DISt'lAT SvS»F««Ani o»> Of Car al»hAA*»i»F n K DISPlAV 
cfC-pnAA-F -iM -u)**«»uTt6 , »mi CPfPATOHS crmani ccwsr^tf, 
P«ISTEP/CAS0 dEA>FP, A8W-6A ASAPiExfB ASO PlUi-lJ UMCHvEB 

CMASliElS ?? 

SI/E px -rpos 


^tATACNIl INC 


•6CC7A /Oil-ccs J- JO/ lies’* 
0« l-COx 1- JC/*.S0l / 

66*1 


iLPMANowt A I C »'««»aT I INf S*t5 NO«“Al /I TAt 1C C»^AA, 

I LINE- ■* ChA6 is SraA’C- AAFa 

rHAAACTEA SET S<b uPAfA/LCAEA C'^AA I ASC I I I 

fHABACr Fa S 1/E 7C > SO M|l S 

CHABACtfa CtSfPATION 7 » S DOT haTAIx 

PUSAT1«4G 7 a O •*A 1A|k 

(PA*«IC |NPt>T •ODE 1C/6IXI A IQ/4ITJ A0DPE*SAPLE, 

1026111 1 TMIVI vIFaaau pts: 

jOtSTIC- CGNTonLLFT, CaCSS--Aia 

CUP sea. 

CISPLAt •*IDIU“ n IS D[A Ca T 

CISPLAt ABcA P. *IN,^06. >6, I IS. Vf6 T. 

AC rj**UL Afflvs 4 

CrClF T IMf ICC SANCSf C 

COPE "F*»OPy 12 ■ 

bUAAfa-aAMf CT'AP »221T-i 2CPT Ul 

ChA«A».TF- ClPAT-ITr |*>AM QtC 

CHAAAf Tiai/C IM i*»Al J AC 

t IHE S/ni SPl at I 61, j 

CwABACIFPS FFPE6»CI*f F? 06 S2 

vIFmISC are a 6,75 R e.25 

■EFBESh AB»A *6 l6A-*S/SfC 


CfeCOO ACTP-ATIC C^UNT CCUNTF6 IS952 lllll 

0*«00J 

0966CJ D|TEa**lN‘ TMt Ns.«»Bt6 1 V|A?it C ;ir'Mf* o»C6lNG ,N A* AcG^** 

0^6000 StPSTAAT 1 
096000 

***iaiCAN '’P’lCAi coAP .me 111* 112 

PECIST* »* ’DE I All USED TC Cc’Al*. 

ru«uiAM/E aEcr“')i*o cf ccums 

»TPE CufPEC COlONT CCuSTpa, caaa- 

f IFIO ILlUR*lNAT|ON APh 

CI*RfNSIt»S loiimo iNCnrs 

222C00 nni SI .»i6, ►z’tw is«5i im: 

222000 

222C00 POOVIDES a -FANS 0* 6E«0vAi OF (ATfCSS AND ANIONS FaC- fcATfa 
222C00 SUPPLIES afOOlAEO FC6 SPFflAlI/FO LAPPSATOAT ANALYSIS 
222000 

222300 SOIIOS aE-OvAL CAPAbIlITy *1 PP»« 

2223C0 IONS aE^nvAL CAPieiiiTT <1 pp- 

2220C0 

V»a SCIFN’MIf Ply •2‘.PC6-D02/2Ai0*-0C5 *5* 112 

CONP ICUUA’ ION PCarASL* 

’YPF DFE«ls|Tt AESlAi AN' *UTEaS 

CSySTaiAB OF**IM/Ea CE»InF6Al- 
I /F 6 

FaoOuCTIvI capacity 5 di cOSS/HOya 

►INIMU** fPAI*. BfHOyAl ICAC C»A|NS AS NACL 

I «C0 &BAINS AS CAC03 

T»a SCIfsriMC Liv •26ACO*OCe/26A09-o;o M27 112 

CONF iruc AT ICN PfeT*at» 

type I A>^ FL.1» JUlaPUPt OE Ri| NE «AU /E a 

LS'S US FiCmASCF BPSI6S 

uSfABlE EiC»*ANCE capacity | » CO f.»A|ss tpTAi ICPIC SCltOS. 

CALCULATED AS NACL 

RtnOUCTjvF capacity r;, .AlLONS/.<OlB 

PyaiTY -ETEA ICC. coo fp lO.OOO.JOO 0**PS 

CPySTAlAB ipF'CC 1125 III 

Fir« bate 2C TC 12C gal /-a 

106IAO Elf C Ttrp..v S I :i OGY "|S<’iiy nas* 11116 

tONiao 

106HO OEOICATEC OISaiAY ppp P^Ysni ^r,r. ii data taanS«|TIEO ay ’»-e 

lONiaO ElEC»AOP*“’SICl .Y PAC-PAC 

1041B0 

• OSOOa electa, met ft LS95* :iiu 

60SC0A 

bOtOOA AfASjAf *64ti V ,’A. AS''^ CliAPfsT' * '■ c s IS sEpyFS asC -^SClfS. 

*05006 

*05006 'r v^iTAGES -fASuPED • / - I C»* | f v j yCl T S Tr */.iv(lT 

*05006 n: CuPPFST* ./.| 34 *4 

*05006 "AIXT ifTfA 10«|N ^AAPyp 

60500* Output . y-'i • Af.F •/-!:% 

*05006 

6|6L.T’P4f«Atn A4/5A *6*5 |12 


SO 76.SA.0047- 









CUNf I CUP AT lt>N HIVCH FbtlP 

VOLTAGE RANGE * /- 10 ■^ICaOV 10 •/- 1 <r TS* tl 

!>T» PS, I , 1 , 10 SEQUE KCE 

CURRENT range - •/> 10 RA TC W- ) AA T S . IR 

SUPS. It it 10 Stuuf NCE 

INPUT impedance 1 megohm •/- 1| CVCLTAGE RANGEJ 

1 NTGOHM TO 0,1) OHM (CUB PENT 
A ANGE-OE PfNCS ON RANGE I 

ACCURACY < J1 (If range 

QUTRUT Q TO I > FUR fS RFACI" . 

ROmOE and SChnAr; RUIG 1 ;03. *111. 02 I A112J 111 

VOCTACf RANGE 0.2 mICROvUlT TO I?") VClTS 

CURftENr RANGE O.Cl m|CRUA«P TU JOO PA 

ACCURACY */- l.St 

152»00 ElECTBORHORESIS APPARATUS { Mill 

i«2«00 

192500 SEPARATES PROTEIN AND AMINU ACID CONSMTuLNTS IN Si • C M , Pi A S , 
192500 URINE OR SPINAL FCUtP FOR QUANTITATIVE ANALYSIS. 

152500 


152500 VOLTAGE 

192900 SuRSTRate,. .. 

192500 

ARTHUR H Thomas CO 
CONE 1 curat ION • 
Tyre .......... 


CURRENT 

voltage 


recrpan/spinco DIV 

cone IGU" AT1QN ,, 

BUCflER instruments 
(OVE iGURAF IGN .. 
CURRENT 

vgltrce 


BUCHER 

sample SI/E. 

VOLUME OE SUFFER SOlUMON 


R*SOE-MC |T»0 11. 

... 6ENCH/LC0SE EOUl P 
... HCRI/ONTAl STRIP APPARATtS FOR 
PAPER, iCfFATE FfRio a ofc 
BinCP ELFC TROPHtfiE SM 
... a «0 100 ma 
a TO soo VOLTS 


. C TO «0Q V DC 

.starch ml OCR , PAPfR GR gel 


-100 il?3Q-6TOO 

.... bench/ioose equip 

p 27 )(iE-OCP iSOS 

... RENCH/tOnSE EQUIP 
... 0 TC 200 M* and 0 ir: 23 MA 
... 0 TO SOO vniL TS 


1 1; 


• VFR )01)A-001 
... 2'rig; 

... 2 TO lOMl 


• 570 


ITB200 FREFfER. GENERAL LSoSF III 

ITB200 

ITB200 storage of SERUM* PLASMA. SPECIMENS AND ORGANISMS 
1TB200 

1TB700 OPERATING TEmreRATURC. (-20CI 

IYB200 temperature TOLERANCE,. 

17*200 STGRAGC VOLUME ...a r u. FI. iO.UCU.M.I 

1 TR200 

• EVCC RULT-IPSa *1060 I 

TEMP RANGE -f Tr C 

capacity I .5 CU FT 

CIMFNSIONS.. J*»2At'7 INCHES 

VEIGMT 27C LBS ISh|PE|NGI 

POWER «... l|.V 60 M2 74 

CARACITIES avail ALBE l.S TO iT CU FT (WAR.RRICESI 

ITB200 EREE;EH. LON TEMP I SNSB 111 

1TB200 

TTi20‘^ SlORA&t OF ElRfRIMENT SPECIMENS 
I TB200 

171200 OPERATING TEMRCRATuBE -9*F(-roCI 

17B200 STORAGE VOLUME...... 1 CU.FT. ro.02B CL.". I 

17B200 

REvCr VULT'IESA 11060 1 

tF«a RANGE »0 -IS f 

capacity 1. S CU FT 

dimensions )AA2AR)7 inches 

Wf IGHT......... 27C lbs ISHfPPING) 

POWER 115V CO M2 TA 

CAPACITIES AVAILRLBt l.S TO |7CUFT I VAA . RH | C. E S » 




4 ^ 




OARTOO REERIGFRATOR LS9*9 

OABTOO 

OAR700 store SFPUW AMO PLASMA 
OARTOO 

OARTOO operating f iMPfRATuRE . *2 TO *0p(0 TO «C I 

OAR70C SrnPAGf VOLUME... 1 CU.FT. lO.O'A CU.Mt 

CAW TOO 

MAThESON SCITNTIFIC P3205S-2S AAlS 

(APACITt 12. P Ct r < 

TEMPERATURE -IS TP ' T.P C 

SHlKOfC ARFA NONf 

CIMENSIONS J21).iA0 INCHES 

(tPLCSHTN PROOF,,.,, YES 

compressor 0. ThP 

POWER i;sv SO-60 H 2 I.SA 

HEIGHT 2TS IBS 

oiLirN-tiiiT tsi 2 -n liTp 

capacity 12 .) CU FT 

temperature ). r C 

ShIfiOED aria NONF 

CRAWiaS 12 

rOMPRESSOR 0 . 2 S HP 

POWER US V AC h2 

rF IGHt A?C IBS 

OImemSIONS )«xSf.5I2R.S IMCm|S 


C-«2 


Space DMsicrt- 

Rockwell International 


.SD ( 4 -SA- 00 A 7-2 


Space Division 

Rockwell International 


Ul’’ 11/ 

!►. i.UC I’.C*'. 

CA*ACI*v C.U 

CO«*BCSSr;» 3.2) hp 

SHlEiOIC ^0*«f 

ci«i«i NON( «couiaeo 

POmE* IDv 60 >*l 66 

ClPENSirsS 71*76.5*11. *2) INC'-FS 

• IIKf S MANUfACT J* [SC c: PST*»-*LtOC-*Cl 112 

C6P6C17V ••• • «T*«1 

V0l^6GL 11) VAC. 12* 2<>. 32 vOC 


MICIC CAb "lA 

capacity lA CL 6T 

TlPAMATaAL '6.7 TJ «15 C 

SHlUnfft AAFA NGNf 

IRPL'-SIF'N-Panrp.... vfs 

SPIAIATF EAFf/INC CO**® VCS 

CO**PtiFS)LA 0.2 *hP 

AObfl 11)V 63 Hf i,tt 

Ol"! *»S less I»*A|S CM*pPl 7e. •*20*16. 5 ISC-ES 


066700 6f6ilCt«AT!3a, PA3IO ISCTC®* STOPiCE iS'SbD U 1 i- 

066700 

06A7C0 S70PE IICUIO ANO SOU C t»31C.ACT[vE ®ATE®l*LS 
066700 

066700 n»»**^lSC TP»PFP6Tt,«E 5./-2C ) 

061700 I 0. C2SCo. I 

066700 ISf‘.lt.*FS S71ACO... Hj,Cl6,*f 56.c»51 .11?; .riA) 

06I7CO 

615000 G4S ASALT/rY, CG 2 SPECIFIC LSca; mil 

6)5000 

6)5000 This device is uS *0 m ..OMTCA AT^OSPhEAiC CA® 6rs OICHCE ItwEL' 

6)5000 

6)5000 PABTIAt ®AESSU®E ■ A^ r,e i )D - 7*‘0C®*n-20 'Cl 

6153C0 

PEC«®AS ISST*v^»f*TS itfOl ASO AeOl »’’5C 111 

PABflAL ®«ESSiJ*E CC2 .1 7»'8CU';- so '0 

AAi'lAL PMESfuA; 07 0 TO 1003 **•* *-0 

AOpE* 17-12 V3C 2i* 3* f*T|6ML 

SI/E each us IT 6.25*4. 75*3.5 T s! -E S 

»f 10-^ 17 USl *’SI A L5S 

2 UNITS CAS 5E C0**5ISFn IN I P-C 

|SSTiu**5STATf( S LA«7«ATD6 y #IL 11? ISBOO 111 

P.. 6.C 73 5.0 

*c?2 3 T2 200 —hG 

PC2 3 TO 7003 

AU*3"AT ICAt LV ®5CC6A»***{C VFS 

sample time 45 SEC 

•AEC(<1CN 

®Cn2 



SAMSiE J.4ML (AjTOMATcCl 

•r«EF 115V 50/60 H/ 


BfCAPAS INST5UMESTS ISC bClSTC* ASSEMBLY 11 ' 

CASES CO. C 32 , 32 . 67 . h/s. S 07 

SESMTTVrY 1-7 »PM PS 

A 6 jl!nY r{«p limits •*..* '7 Tn 170 F 

»:■ "lOMTS 7.5 Trj 4 SCE** AT 10 PSIC 

BECapAS ISSTAijMfsTS aCC-AH 5TT561I •55T: 111 

lESSlMvITYJ 

Et«:*Ars CAB’uif rFTECTCt ? PICOGPAmS lISOASE 

.•)4 Ml -MG 


ThIppal C'JSOuCT IvITy d§t 1700C 01 mb* t-ppotEP- STpcss 

ElAMt EMISSION CfT ic PICOGPAMS Pnc S<***C pCcS 

4C PIfOCPAMS SULELA 

-yrs TPPPfPAYuPf 'AS C TO ♦pSC C 

ClMtsSIOSS: 

CvEN 77. 75*75.75*76.75 INC-E? 

ILECTPOSICS 15,75*76*71 INCHES 

076700 gas C-»r**ATOCP AP- LS567 lilt; 

074703 

074700 “CASjPES COSCtSTSATlCS CE CAS. llCUfO. AND SOLID CCSSTITuEATS nr 

074TC0 0IGLCCICAL SAMPlcS 

074700 

CT6TOO 3PEPATISC rtPPEPATuPE TC T5^M.40 TQ 4L0CI 

074700 CA6P|Ei GAS MlLlLM 

074700 CETIfTnPS... HYDiOCfS Elp«E 

076700 TmEPmal C 360LCTI vl Ty 

074700 EAACTirs CCLLICTIC6 S75 T|p 

076700 

IICpmAS PCC-2A 62353 ill 

CITECTCA fHfPlUL CCNCUCTtvItV 

YEMPfPAT -if rasTA't panCE ...... 4X TO 760C 

CCSTPCi ACCUAACT */-0.1 

•E6*IN-*l*E» P5570 6*003 111 


CAAlF I^ST•u*F^TS , INC. -P5530 

T(«PfCATuAp pang? 

OfTtcTr* 

SE4SlTtv|T» 

ECmE* Pf Ciil*iM!s*S 

C*AlE lS5TPg«fsTt INC PIOGI 


tins 

AM# If NT rr, 730 CEG C 

Duel e|E 0 SISCIF -*38 C^^^ ‘la-t 

5E-17 AMPEPCS 

115 VAC. 5C Tn 43 -/ 

6pTS m 


C'M 


i 


5 D 74-yA-0C6* 



■J.J 


211300 C*^ AAiAlTZEAt •.ATth VAPriA 
211300 

211300 PfMTQt werFCi VAPO* CC».Tf»H 
211300 

211SC0 KQISTuAf 

211300 

211300 TEpPFR«Tj»E BANCE . . . . . .. 

2 inoo 

5079CC «tr, bench ChCM Al«At 
S07QO0 

50T9D0 HIT rnUTAlNS TmE TOOl S AND 
SOT^OO Aim.-tCICAl s cubing vABinuS 
50F400 ^IThIN Thf GlOvP 00** 

407Q00 

»OT«oo roots... 

10T900 

50T900 

50TNOO 

10T900 

»ot<oo 

^OT«JOO «|T, HE HAT’)!. UGH 
iOTtOO 

50T900 PAOvIDF TODLS A0« SAMPLING. 

SOT^OO 91000 

90FSC0 

9079CO ITEMS 

9 07<*00 
907^00 
S07O0O 
SO’BOO 
SOT900 
S07900 
907^00 
S07MQ0 
S07900 
907900 
907900 
907900 _ 

9079GC 

907900 

907900 »IT, IINEAB MASuBEMEH* 
9079C0 

907900 JETfanlM: SIZE. AMPiIIoCF. 
90790J 

9079CC iTtMS 

907903 

907900 

90790. 

90790(; 

9079M«|T, M|ChO0inLOCT 
907903 

9079CC PAOVIDE TOltS TQ fACItllArE 
9O79C0 0»f.ANI/|MS 
9079 iO 

907900 ITF-S 

907TOO 
9or«<oo 
•0 7« 00 
9079G0 
9 079\V, 

9079:u 

90790 , 

9079<O 

907000 

907900 


t S9Aft 


hEmaTOMETE* A|T; 10 LA»A 0 A 

01 SPCPiPf TTf s; covf BSi I *>s; 
Slins; H 0 C :st; ® 2 C »'*.uiAT; 
CBITn'.EAt; -fMOCOfT TU0ESCPICBO. 
MfPAtlNl/EDI ; «E iKIfB! T TgAES 
{■ItBC, PlAlSl; 0LOCO CIlljTlNr. 

pi*»fTTES 1 M 0 C. BiCi; ctHftisna 
lUB INI TE ST STB I PSI ; LUE » 
ADAPTEBS. VACtTAINfB; hACUTAINfA 
VACGTAINE a>NE(Olf UAM; 
VAruTATSFP TOPES, A S STP T E C « 2 Pt H 
SThINGt ILAPr.El, PEOlATBir 
ALCOmCL SpABS; IANCETS: AFEOIF. 
? 9 r.A, 97 A 1 N; NEEOLF 22 GA.I l/P 1 ^ 


BiJtfFS; T4PES; I IKEA* CCPaBATO® 
r.B I C' ; C Al I PE PS. iMSIff AHC 
iilTsIIE; vEHNiFb CAiKfPS; 

■ iCAtPEtEPS, INSIDF ANf rursioi 


I SS#*P 












Space Division 

Rockwell International 


L n A 


ACCUBAO ♦ /- t,9 PE»CE9T 

CASfs oFTECTfn fr. cn2. n?. ap, ue. c-n 

sample sue ’ HM 

BfPFTITIVF sampling h|ME 5 TC 60 MIN, 


GAS ANAItZEB. HArFB VAPriA 
PCMTOB WATFCI VAPQB CONTENT 


MQISTUBF PANGE.... 

TEMPFRATJPE BANCE...... 


C TO «-af BflATiVF HO"i0|TH 
10.001 TO ?oooo9iCPCt*.A AMS/n 'F Bi 
-lfc^ TO INO* 1-1 10 TC 60C I 


B IT, BENCH ChEM ANAt 


HIT CONTAINS TmE TOOl S AND EGUlF- 
Bint*TGlCAis cubing vabiouS MANliAI 
mIThIN Thf GtOvF 00*. 


ENT Tr :?ANAGI fHFMfCAlS AND 
PPOClOuBES GINFfcAlLT PfSrOP-Fj 


roots... 


S’^ll* Tfc*NSP'’MT T,.hS. ^AvITh 
IMrEPlNlENT PIPITTES, rflAcS. 
t.'-r»L»S, ANH test TOPtS. 
fHt"ICAtS, STCPPfAS. MlT£BS, 
AND safety Shields 


■ IT, hEmatjcUGh 


PPOYIDF TOOLS FOB SAMPLING. HANOI 
BLOOD 


INf.. TRANSFIBBINC and ANAlT/INf. 


■IT. lINFAP MASuBFMENi I S9 

JFTFPmIn: size. AMPlUgCF. OISTANCC. C IPCUM* EBENCF .< tc 


. IMVGIATIV. IOTP; I 9Cr tJl AT I N4. 

NtETlF. TCJTTlN SmAPS. PAr«AOfS. 

TTEPlif; »vBfN<,» S»l . stfpile; 
siirir. "KBP: Aicwci ; tuffs. 
istUMM. stfrili. capped: 

/EPh|(.AS, TINf’UBf, l:90C; 

AAf TECISf PA TOP I STEP I L I Z I AG UNI Tl 
. ThICGl yC'TLL A U , lUNEO; STUABt 
TBANSPOBT MtOlA. YlAlS; TSA 
St ANTS 


M) 74-SA-0O47-Z 


cable INSTBUMENTS. INC. 
CCNTAOt sensitivity . 
TEMPFBATURE BrnGF ... 

h»at capacity-total . 

INIFTS 

IONIZATION OETtCTOBS 

VALVING 

height 

FPmFB aeouibements .. 


VAB I <N AFBOGB APm 

fOlUHN OVfN T E*0 

TEMP STA0ILITY 

flame oft SFNSITIvITy 
■IN PETFCTAPIL |7y.... 
NOISE..... 

AMPl If IFB 

CIMFNSIONS 


• 6B0C «MSO 111 

H? 

FLAME 

3-1 PPM HULL scale 

4 TC 6 /HP t <E LFC »A 9 I f • 

...... .*1 F S 

1 t fiF F S 

AI.T'-ATI': /F til t "HP' ^',A* I ts 

i 7)I<,C*Z0 iNfriE s 

29C I 9S I SM|POIN*i> 

IC7-IZ7V 90ZF ^ HZ 933» 


tAf.C-Ml A26TS 

... < C.GJl OEG C 
... TO »B9 DEG C U OEh 
... SCO Hi T r S 
... ntAl CN-CULGMN 
... HYPPCGEN flame 
... MlfPt, TP MINI VCtUMC vAivFS 
... S3 POiPiOS 


btcrpan instruments 

CAPPIFP ....... 

CtlECTOA 


RANGE 


analysis pate 
bepeatabilitv 

LINFAPITv 
ZEBO P»|F7... 
OIMFSnIONS .* 

height 

FDmEB 


C-tf^ 


19200 

-99 *0 ?99 C 
■ tTTEP Than ,1 PEP CENT 
.019 COUIPMBS/CBAM 

9 F-1? GBA-/SFC 
IFSS Than 3»E-lt A 
solid STlTf 
2t**lF*’2 INC Hi* 









Space Division 

Rockwell Inlernahonal 


90?f00 «|T, OA&ANISM holding AND MANAGEMENT 1^069 IMll 

90MO0 

90T900 M»Q¥IDE TOOLS ANC CEVICES USED IN Tt>F KlLOING AND hANCLINC Th^ 

90T«00 0»CANISMS 

90T9C0 

S9T90D ITENS F0« small VE^IEMATfS CLOvE »3«DEA ; CAGE SHtELO. 


90T#00 PLASTIC; PLASTIC LInEB ».ITh PA 

90T900 FSOD PELLf* 5ISPFNSF6; AlCC-Ct 

90T900 SMAPS; TCnELS, PAPta* OlSef.; 

90?fCD Plastic bagifob eupenciblES; ; 

50TPC0 Plastic bagi'^pb ncne apesci »L f s 

90T900 organism TRANSFER CaPSi.LE; 

SOTfOO animal TAGS 

fOTfflJ ITf-s EDA plants toATEAlNG DE V i CL I 5 PRA » BCTTlEI; 

lOTfCO LABELS; EERTIilZfA PACKETS; 

90TB00 stake SUOCMI 

fOTBOO 

90TP00 M|T, plant tools L59TJ 111 

90TM00 

SOTtoo ppnviOE TOOLS EC* VARIOUS Plant manipulations 
IOT«DO 

90TfgO items .*»<C1SSCRS. 'mEEZERS. spatula. 

9DTBD0 applicator. S^LINTS, tapE 

90TBOO OISPiNSERf ►•TPOnFR-IC AEFCLES. 

90TN00 STOISCES. 'CtCEPS# plIEBS. 

SOTfOO SCREmOPIVEB. SCALP£LSt SEalFRS 


PLASTIC; RLASTK LiNEB mITh paO; 
ESOD PELLf* 5ISPFNSF6; AlCC-Cl 
SWABS: tcrELS. PAPca. 01 SET.; 
Plastic bagifob f,»£kciblES» ; 
Plastic bagi'pb ncne apesci »lf s» ; 

ORGANISM transfer CaPSULE; 

animal tags 

.watebING DEviCLI 5PRA» BCTTlEI; 

labflS; fertilizer packets; 
stake SUOCmi 


90TfgO items .*.<C1SSCRS. 'rEEZERS. spatula 

9DTBD0 applicator. S^LINTS, TAPE 

90TBOO OISPfNSfRf ►•TPOnFR-IC FEFCL 

90TN00 STPISCES. FCtCEPS# plIEBS. 

90T9Q0 SCREwCPiyFB. SCALPELSt SEal 

90TR00 

90TR03 BIT. general tjol LSNTI 

90TR00 

9QTfCJ mechanical ANC ElCC^sICal *0CL S ANO ma*0r4«E tq p»OV|OE 
90T9C3 CCNVENTIfNAL CIACN3ST1C, M4|NTeNASCE, AND SEB^ICE FUNCTIONS. 
90TA0O 

90T«Cw TJCLS., hammer. rRENChES. PLIF«S* S 


90T«Cw TJCLS., hammer, rQENChES, PLIERS. SCRFr 

90TfO3 DRIVERS. DRILL, 43«fSlvE TA.?E, 

9QT«C0 MlRE CUTTERS. m]RE TIES* m|BE, 

90T9C0 LU9RIC4STS, FlaShlIGhT, SCliSO«S 

90TfOO . MyLTiME*|o, AASTrNEBS. ClA-pS. 

90T90J lamp 

SOTfOO 

lAtOPATORT specialists LTS RIR6Z tl4Q lU 

TOOLS SELECTEC tools INCLUDING 

wRENChF S.PL I ERS .TapbI NG TOOL. 
SC»Er DRIVERS. NLT DRIVERS, 
a IvETS.TERMisAuS.f TC 

Case I9*l**s.s inches 

ZISTqd LTOohIlI/Eb LS9TZ Hill 

nsToo 

2 ISTOO PPOvlOE n-l'Z? •'RvlNG :f Small SPECIMENS 
Z19T05 

299TOO sample CAPACITy 20-lCu. I N. ( 1 6CC I 

299TOO TEMPERATURE RANGE...* -nOF TO ZS2F4>AO tq 122CI 

299700 

SCINTfflC PRODUCTS OlV R07C27-9 »19R0 111 

CCNFICURATION BENCH EOUIp 

TvPf FRONT LOAOINC. SINGLE ShELE 

tEMPEtAfjRf RANGE TO 122 C 1-40 TO 290 El 


vttfis punitrap shod 111 

TEmR£RaTUREIM INI |.S9C I 

C»UM SIZE AINr2IC«IOIA.MOIM29.4CM| hI 

CCNf I CUPATl ON, . FLOOR “CUNT. PORTABLE 


vACuu* PUMP not included 


029900 mass measurement OEvlCE. MACop LS9T» II19Z 

021903 

029900 MEASURE MASS C* ITfM^ SuCh AS BAGS Zf FOOD. BfvERAGf CCFTaIN£RS. 
011933 CCNTAiNtRS JR|Nf INO FECES. LARGE SPECI“INS. ETC 
021903 ^ 

021933 malS RAN.-i*......*.. C.22 TQ ralB ( 0. I T** IOkBI 

021103 

SCUT-«EST BESFiRCH INSTITUTE tCT4 lS«tlABl Hi 

SPiCiMfn ASS mfaslrinc device 

elements UF assembly SPECIMEN TRAT SUPPORTED CN 

PlAfE-FULCRA SPRINGS. PfRICO/ 
TEMPERATURE MEASURING ILIC- 
rtONIC SUBSYSTEM 

02190D MASS mEASIER^* '^^NT DIv’CE. "ICRS LS«ta 11132 

021930 

021903 MEASURE SmR., TEST r»ECI“ESS 
C21900 

321900 mass M|«iuREMfi«r AANGE IMG TC 100 G 

021900 

IBB4I3 OPTI SCAN-E lEL 0 AND F|»AT|CN PflNT PECOBOf" iSSTS 11111 

19BAI0 

IBBABQ This iNSTBUMfP^r permits The RECDRDING CF The visual field as 

IBRABO Th£ SUBJECT'S FIIITICN mIT-IN ThE FlltO Ml •hoc 7 iESTBICTICN OF 

IBBABO MfAC movements 

IBBABO 

IfBABO accuracy... .....20EG CF ARC 


C-9C 


SD 74.5A-0047.Z 


lib instruments INC, 
SPECIMEN hjluERS 

SYRINGE 

LKI INSTBLIMENTS INC. 


#HP15 ACCE SS. "IT I 

. t, 

2 ml 

«BBU ACCESS, fit n 


SAACfNT kElCw SCIENTIFIC CC. RS-2BEBI-B0 »1910 

LOW TEMREBATuBE “«9F 

capacity 12 liters 

VACUUM 9 MICR 3 SS 

PUMP capacity 1*0 LITFBS/min. 


Ill 


111 


111 



Space Division 

Rockvi'ell Internabonai 


0<H400 CATaiVMC Oxini/#^B ts^rr ii;is 

004400 

004400 REP«0¥ES UNOESI4ARLE COMPUSrfa*i PRODUCTS 
CK»4400 

004400 OPfilATI»lO TtPIPEBATUat TOCM 3 70CI 

004400 Ate Floy P4TE..... ?CF>* AT 14.TPSIA AND 7 Of 

004400 

040050 OLOOO PRESSUPF CuFF SVSTCi* LS47R I { I 

040050 

048050 PRESSURE MEASURlMG T0ANS(»UCFP CUFF LSFO TO MEASURE RICCD PAESSURF 
040050 OF PRIMATES, STSIEM INCLUDES AIR PuMP FOR AUTOMATED HEASUBIKU, 
04I05C PRESSURE CUP AND TBANSOUrER* AND SIGNAi CONDI ftONER. 

C48050 

MARTIN to •P'0<J?-ePMS (SAVLARt 511 

CUFF VOLUME 20 CL. IN. 

flPMS MAX OPEPATINC PRESSURE .... 210 PSIf. 

BPMS MIN OPFRATInG PBFSSURE .... <»0 PSIG 

PPMS RURST PRfSSURf 5000 PSlf. 

RPMS MAX QVbFPRESSUBE 235 PSIC 

CUFF MAX OPERATING PRESSURE .... 250 PM H(. 

CUFF RELIEF PRESSURE 2fcO M“ Mf. 

CAS temperature 40 TO 12QF 


619011 RADIATION SOURCE STCBAOE LS979 11112 

619011 

619011 STORAGE FACILITT FOR RADIOACTIVE MATERIAL, 

619011 

619011 VOLUME APPAOXiHATILy ......... 1 CU FT 

619011 RADIATION PROTECTION LIMIT UP TC 500 MlCRflCURIES 

619011 

61R016 RECEIVER - BICTUEMeTRV L S9«0 111)1 

410016 

610016 RECEPTION OF RIOTElfcMETBV SIGNALS FBCM DEEP BDOV TEMPEPATURE ANT 
616016 ANIMAL ACTIVITT AS MEIL AS FOR ELECTROMAGNETIC FIELD m(K|TCB|KG. 
616016 

616016 FPEOGENCV BANCt TO 5 

618016 sensitivity 0.5 MV FOB 20 QU1CT|\r. 

618016 TUNING VAFlABLf ANOCRVSTAL CL>^TRCLLE0 

618016 

NEHLETT PACaaRO A7PIC1A «800 112 

CONf iCURATlf^N BENCH EQUIP 

FREOUENCv response 0*1 TO 1000 H2 

SENSITIVITY 0.5 MiCBO-v 

ANTEPfNA 7 INCH ■riNOPnLE 

INPUT IMPEDANCE 50 OHMS NOMINAL 


0S9645 VISION TESTER LS«-Pl 11215 

0I964A 

019646 OPTICAL OEVICF IpITh "000 AND BESPONSE KFVWlABpi TmaT mfaSup»S 
0I964R A VABIETT of VISUAL FUNCTIONS. 

019446 

JJ6000 baste STOBAGE SWIfM L59B2 I III I 

118000 

119000 PBDVIOE FOB HANOI IN G. STORAGE AND DISPOSAL OP SOLID AND UCUlD 
138000 paste MATTEM FBO* IK EXPERIMENTS. 

114000 

118000 CAPACITY 5 CU FT 

118OC0 

470500 STER1LI2FR - TOOL LS9EL 11111 

470500 

470500 STERILIZE M I SC tL L ANEOUS S«AIL MF T AL MANO TOOLS SUCH AS SCALPELS, 
4T0500 BY mfaNS OF FiECTBlCAL INDUCT |CN HEGTING, 

470500 

470500 capacity 0.1 TUFT 

4 70500 

VMB SCIENTIFIC •5P4U-CC7 *255 

CPERATINC TEMPEBATUBE 2C0C l-Ax* 

ShFlF SWE IRXIOXI/? Ill 

chamber size.. IHIBXIO , 

FOliEB 115 VAC, 50/40 HZ. T,«- A 

9CC M 

034950 AUDIO STEREO HEADSET LS9B5 

0149)0 

0)4930 FARPKJNiS FOR VARIOUS "SI FF AR ING TES^S 
014930 

171000 FLOM MFTER, MATER MANIFCLO lS9f9 112)' 

I 71000 

173000 IN LINE «EASU*fMtNT Of MATER FlCM, GENERALLY A LOM baTF 
173G00 ASSDCIA1E0 M|lH wATfR fONSUMPTICN RY ORGANISMS 
ITIOOO 

172500 ELOM METFH. t-AS L SB<»2 Hill 

172500 

172500 MFASUBE AIR FL04 
172500 

401000 l■PEOANC€ PNFUMOGBAMH LS955 1)111 

40)000 

401000 MFISUBE BBEAThING CyCLE C habac TtB I SUC S 
40)000 

TECRAOICGy/VEBSATRONICS INC •MFO-3 5970 III 

ruTPUT LSINGI E FNDEf»» 0- 5vOC LiNFAR IN MASS f I OM 

ruTPU^ IHPEOANCE <10 Oh* 

ACCUBAtYI AMSOLUTE I 2tOF SEALiING 20 Tf 1006 F$ 

» /- 20MV FROM 0 TO 207 FS 

LInFaRITt •/- 0,4t *011 SCALE IFSI 

BEPi AT AML ITY *2- C. 1 « F 0 P E AIM NG 

calibration PRESSURf 1 AIMOSPHftf 


SD 7 l-£iA"U047*2 



I 



Space Division 

Rockwell Intcrnabonal 


STO CALlHSaTION TfilP ■SNCl 

MOluM 

T|««C COKSTMT 

MCSSUiC OirP 

PEADOUT 

AVAllAftlf AA*iGE 

IIC««AL CMOIT IQItE* 

TPAIiSOUCEl 


55 Tr. 

A|P 

LESS ThAAi O.QV sec 

LESS ThaH i IN H20 

II TAUT lANO MiaacA scale 

0-1001 PLOM PATE 

0.W TO O.A CU PT PEA N|N 

0 TO NOE 

-45 TO 150E 


50T*>C0 AIT, clean uE tstp** mil 

fOTlOO 

fOT^OO CCNEAAi PUAAOSC CLEAN U» - SPONGES AND NiPCS 
50TI00 

50TI00 A|T, tffCICAL SUPCICAL I SlOQO Itlll 

90M00 M 

50TNQ0 ECA VAAIOUS N|ND* SuACICAL PtOCEDUAES “ 

90TNQ0 


SOTfOO AIT, PhvSiOlOCT LSlOOl Hill 

50TIDO 

lOTtOO SPONGES, SPONCI SOU£t/PA, V|ALS» CAlOPIC ST|**ulaTOR POP E •• 

50TN00 CANAL, SVAINGfS, TkESMOETEAS, ETC. 

50TA00 

tOTfOO AIT, TOOL - INSECT NANIPULATION L51002 Hill 

fOTICO 

50TPOO TCQL a IT POP COUNTING, SOPTING, E AANtNA* | CN,E TC . 

50TAOO 

2SAOOO PICPOPhCNE LSlOOT IIIH 

25AOOO 

2SAOOO AtCPnPHONES USED FD*- PIOLOGT. MO-EDlClNf AND WANNED S>STE«S 

25AOOO INTECRATIQN 

25AOLO 

OOA’.TO WlCAOPK'Nf AWPLIPIEA LSIOOI Hill 

OOAITO 

OCAITO A»PL|Pt CIGNA! S PAQM AMPLIPIEA 
OOAITO 

AIAOOO WCNITHP, VIDEO tSKON lUU 

4A4000 

4IAQ00 MCNITCA Tv PIC^IJAES OP ANIWAL ANO OThFA laB ACTIVITIES 

414000 

CONU ElPCTPCNICS INC. 4C0P PTTS III 

PANr>alCT»< 30 WH/ 

NC^IIONTAl lines 1225 

PIELOS AO/SEC, 


CCNPAC CCAPOAATIQN aAQA 14/R 11420 III 

VIDEO AMPtlPlEA 

CnwPOSITf 0.3 - 3.0 V p-p 

NDNCONPOSITE 0.1 V P-P «0A 100 PC’ CCSTAASf 

3.0 V P-P WAA|PU“ 8EPCPP PAEAPP 


OVEPLOAO 

VIDEO INPUT IwPfCANCE 50 a Oww "IN SnLNTfO Bt WAX lO 

•PD signal QP 20 V “-Pt HUW 
SUPPRESSION 40 OB 60-1000 h| 

VIDEO FPEOUENCT riESPPNSE 

AT 50 PCT OP POOULATION .... PLAT ♦/- 1 OB TO 30 PM/. -6 C6 
AT 40 PHI 

AT 10 PCT OP CEPTH mod •«••• PLAT ♦/- I OB TO 30 PM2* -2 CB 
AT 40 mh/ 

PULSE PESPONSE LESS Than 15 ^ISe/PAlL T| — 

AT 50 PCT DEPTm op MnDUlAT|GN 


EITEPNAi STNC COMPOSITE OP SEPAAATf M/v SYNC I 

o.E V TO 10 V P-P, g^eatea Than 
5A OMM input IMPEDANCE 

LINEAAITt I PCT PICTuAE mEIGTh 

aetaace t |M| 

mDAIZONTAL 5 MiCAQSfC MAX 

VIATICAL 100 MICAOSEC MAX 

SCANNING PAEOUENCT 

HOAI/ONTAL 15 - 40 PHI 

VfATtCAL IS - 60 PIclOS/SECCNO 


COWU iNr, KfCTAOSlCS Olv aoeoc AE263 

MCTtlAE $i;: 7-3/14M a 5-1/BM ISChES 

MOAIIONTA.. SCAN 645 LINES, 50 OA 60 PIELOS/SEC 

8T1 lines. 60 PtELOS/SCC 

VIDEO BANOmIOTm 2C MHZ « /- 2 DB 

POwEA 2S-2A.5 VOC. 150 aATTS 


415503 PLMP GAS, CIACULATING LSIOII Hill 

415800 

415503 PLMA POP sealed Plant gacmT*. cmahpm 
415500 

48B200 TIMEA, event LS1020 HIH 

4*1200 

A*I200 GfNPAAl PUAPCSF llAPSEO TIM| DEVICE USED PQA VAAlOuS pSYChCmCTO* 


6tl203 TI5TS 
48i!C0 

AOmOI and SCHkAAZ »CAD I lC0.A5PT.fll 85400 111 

OIS*lAY 6 GIGITSI HP, a|N. $EC 

CuTPUr I-ClT-OP-N ANO/CA ACO ccde 


PAaGAAMMfa «.TIH| •AOCAAMSfCOwNT 

OOtiNI ANO time signals 


CATAfRCN •335C-5C6 AUTO H| 

INPUT PaFOUENCV * 0^1 

OUTPUTS. VISUAL, BCD 

OISPLAt MAS. WIN. SEC 


C-Pl 
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TkKUUCC etO**, *^M) 111 

COUNI k*TE ?»*^i 

Oal OaUl^fC 

ACCUtiCT SAME 4S LINE M>fCUfV:v 

CONA ICUKATION N|« CONMAriBlf 

04)900 CMIOIOCOABh - |NI»(OMiCE LSlOO Mill 

04)900 

04)900 eiOOO flOH KATF f«0« *>€4VT. 

04)900 

04)900 BLOOD FLOW RA^f i TO ?9 ClURS/MIN */-9 FCT FS 

04)900 

MARTIN CO iMOO) fSAUABI 9l| 

MEASURES ELECiROCARDinGMAMHIC POTENTIALS OF EACH ASTBCNAU* 

14)900 ECC/VCG LS1D1 111)1 

143900 

141900 MONITOR HEART TONOITIONa ELEC TRO/VEC TOUC AROI OGRlPH. 

14)900 

14)900 SENSITIVITV 0 TO 3 My «/-l PC T S 

14)900 HEART RATE a 4Q TC ISO FFA1S/MIN 

14)900 

TEKTRONIX INC A41C 9979 111 

EANOMIOTh Oal H/ TO ICO Ml !♦/- istl 

sensitivity 1C NM/90 MICROVOLT <«/-9tl 

AUK MOOE ? MM/hv !•/- 9tl 
ClSRlAV 9 INCH CRT 

144900 ffO - CLECTROENCEPKU OCBAPM LSlO* IIIH 

144900 

144900 MONITOR FCECIRICAL IMPtJlSFS CfNfRATfn HV iMf BRAINa 
144900 

144900 sensitivity 10 TO ^00 MICROVOLTS •/-! "CTFS 

144900 FREQUENCY RFSPONSf C.2 TO 100 

144900 Channels t- 

144900 B 

RECRPAN INSTRUMFNTS aRFSiA I C OUPl F « ONLY »49 11] 

coupler USEO MifM 4’990C 

frequency 10 TO ?00 H/ 

^ISF DURATION a. a *6 MS TO ?0 MS 

S«IN electrodes BEOLIRCO 

TFkTRONTK INC RAID-) *10?9 111 

FANDmIOTh ..a. a Oal **l TO ICO HE («/- IMT 

sensitivity a 1C mh/ 90 MICROVOLT <*l/9tl 

AUK MODE ? MM/MV I*/- 9»» 
CISPLAV a 9 INCH CRT 





% 


BECKMAN IN£TRUM£NTS RACCUTRACI A9B9C II? 

SENSITIVITY 0.9 «l CRIIVOL T S/PM CPAk) 

sensitivity master control ?.)»9,7«9»iaal9.?0.S0.90.79Huv 

sensitivity multiplier COMROLS. 1/0.4,?. l,.9«a?9 

EREOUENCV response OC TC TO Hi 

CHANNELS B PLUS T M3 EVENT ChAKMElS 

ME lOHT 1 90 LBS 

CIMENSIONS 39X?1X?1 INCHES 

RQMFR I09-130V 90 Hi 904 

PECKMAN instruments KTYPF T PORTABLE AAftKO 11? 

sensitivity 1 Tr lOO mICROVCLIS/mp 

EREQUINCY RESPONSE CC TO ISO Hi 

CHANNELS a 

ME IGmT ft IPS 

POhEA 119V 40 H? 90w AND 6 O CELLS 

CIMENSIONS a 1TK14I10.9 InChFSIEACh C» ? PCS 


|4?00J CYNAMOMETER LSIO) II U) 

14?000 

142000 pMSUREMENT of FORCE ffi POMfP. 

14?000 

142003 ARM Flexion ?9 yo t9 lp iio lo )s kgi 

142000 BACH EXTENSION 100 TO 200 IP I4Q TO 90 Kf,! 

142000 

149900 £PG - f LECTAOmvOGR AM 1*104 Mill 

I 49900 

149900 "LNITOR Tmc mOVFMFNT r» THE POOV MUSCUlAR SYSII**, 

149900 

149900 SENSITIVITY 0.01 TC 9 Mv •/-! Pc T FS 

149900 AANOMlnTHS ..a..., 0,9 Tfl 200 H? , 0,9 TC lOOO Hi 

149‘/Oo Channels t 

I 49900 

14)900 PHlNOr ARfMOGPAM LS106 Mill 

14)900 

1439G0 AGRAl hONITOR OE HEAR^ HEAT. 

14)903 

14)900 sensitivity 0.1 TQ I OOt HI, */-9 PCI FS 

14)900 

BECKMAN instruments kRAc:? CPtiPlFK pNl v ))9 111 

CrRiPlfH USED MllH 429900 

ERIOUENCy 9 IP 2000 h£ 

AnUvE 200 Hi a REWCiRt S SCOPE CR TAPf RFAOCUT 

TRASDUCFRS REOUfRFO 

092*70 RfTARmiC ANAiVFFR LSlOO) lllll 

0929T0 

092970 RIASlJRE C? rONSUMRT |CN. CC2 ppOOuCTIHN, PAxImal 02 CCNSL.mpT|CM 
0929T0 AND ALVfOlA« PQ? AND PC02. 

092970 
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OiiiTo ni voiu»e 

•fllTO C9I VOti^f 

09I9T0 AtVlOcAt 0< 

•9IIT0 UVfOiAi C02 

OfIfTO 

ilAiTII CO 

■lAlUil MCTiSOLlC *CTlt/rv 

AAtMimS NIASUMO* 


CCHAONfNTS C* ASS(MtLV 


J JZ -0 L/“IS» »CT F? 

0 TC *0 L/“|N, ♦/•J FCT F^ 

20 to 12C Mfi FCT fS 

20 Tr 70 KC */-2 »CT FS 

I&KVIAAI %11 

OXTEK COFtSUMFTION 
CxaeCN CI2XI0E 
,HES»|FAT 0 iv exchange txrio 

HIKLTE VOlUFf 

vital CAPAC ITV 
>00t tf**p!aatu»E 
EACrHETEP hOAx AA'E, ANO 

TCTAL mO«k 
"ASS SPECT«C-ETf« 

GA\ ASALTZEA 
ANALCC COmPlTEA 
ISSFi«AT|ON ANO EX0IBAT1CK 
SFt«0*E teas 
CC 2 STABtLlZEA 
CALKAATION gas SuFFLT 


AfAKlN lL**fA COAA «NAS «*22S> A«.SCOO Ml 

TTAE SOLIC state 

cot AANCE DC TO fcOOO AA (I -)0 mQ I 

OUTAuT VOLTAGE 0 - S VOC 

OUTPUT IhAECANCE < 9CC 3H«S 


AECAAAtl iSSTAUFfAlTS BAS«1C) «1 9 AOO III 

tIMtTiVlTv 02 ICCf AS 

C02 ICI FS 

ACCUtACT 02 «/-.2 FS 

CQ2 *f^l I FS 

AfSPONSr («SEC 1 02 901 AT 930 Ht/HtN 

C02 «C1 AT ICOML/MIS 

MlTfA AfAOOur 3ICMAL 

tesOLUTiCN It r.ASi oiKCOtt.i ttati 

FIASUIE AlVfOLAI TES 

MASuAf ALVfCLAB C02 VE S 

CHAAT SAEIO LHH/SllOHM/S 

MitriNC FfTKlC.*.* heated STvLLS 

HEIGHT 2TC LAS 1122.5 XGI 


C4I900 alimcsaat fluhmetea 
04S900 

041900 ALOOn FlPm AATES Avr vOLUHE. 

041900 

0419CQ AlOh «ATE 

041900 VOLUHI 

049900 

04I90U TAANSCUTANEOUS OQAOlFB FLOMPETfA 
•41900 

041900 MfASUAE PULSE aAvE CCN*OuA. 
041900 

041900 ULTAAS041C signal 

041900 

040000 PLISI PAVE 
040000 

041000 4EASUPE OLOOC VElOClTv 
041000 

041000 VILOCITV 

O40C00 

OKXMAN INSTAuHENTS ISC • 


LJ 493 imi 


0 tc D L/H|N, */-1 PCT FS 

0 ty T L. ♦/-! ACT FS 

LS 991 11112 

1 ANC 9 -H/ 

LS112 11112 

1 TC 19 H/S. ♦/-3.1 -/S 

A4003 111 


194400 EACQ«ETEA • OtCTCLfc LS«Ba 11131 

194400 

l |4400 PCAilCAC heaSuAINU crvicc. 

194400 

194400 LOAD AANCE 0 tq )03 «aTTS. »/-2 ACT FS 

194400 AOTaTIQNAL speed 40 To 40 APH 

1944 C 0 

sonio ilTTEP C*-A|P • iOTaTINC iSllAi mil 

lOTllO 

IITIIO GAAVITV inducing OEVICE AND nCPI/CNtAL TaBlE. 

iimo 

IITIIO AOTATION SPIED 0 TQ 40 *»- 

19TU0 

412019 LINP - lCmEP body NEGATIVE pAESSuPE LSIIS lllll 

412019 

111019 HCASuai |n*EPPAl BOQy paTSSuae DI ffeventi al. 

011019 

412011 PAESluAE rtPF|«EHT|Ai 90 -G AFLC* cabin AH 9 IENT 

412019 

«4«T|N CC •"C42-LBNP0 (S««LABI 911 

VOtUPf ( iHTfANAL I 10 Ct.FT 

OT'IAATINC TIHPEAaTuAE AINCf .... pT TC t^f 

PAX NfGAtlVf AAIS IElOp AMBIENT 90 mm mG 

LEAxACr 2.9 CU.FT./-IN PAX 


194110 IX|ACIS|A/f AGOMITEA - AA|-xTf 
194110 

194110 apimxTE fxIAClSEA AST •Ca«l''A 3 hEASuAING OEvfCI. 
194113 

401C04 CAl:aI“ETAt mCOlL! - PA|“ATt 

401004 

401004 AQATAIlE ANH COLAPSAAlC UN|T shILm K3uSES. FfEDS. 
•01004 Tn| P4IMATE SPECIMEN iiir..|N. 


LS179 11139 


L!444 11139 

AND AFALV2ES 
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.. Wr'^- v:T: 




r^vj- ■ 

. /V,--; :., -. 


,7.- /■■^.,.:v"‘VT'^l 


ftOlOO^ 

*0100^ »o; I 6 C •/>io •**> MG 

401009 P9? ^ao «/>?0 I'M MG 

403009 PCO^ <1 pt* MG OP U SS 

40)009 PH2D |4>«/-)9PMG 

40)009 T(MPF«AtU«€ 11 f * 7.7 ci 

403009 

023500 HASS MEASUAEHENT OIvICF ^ BODY LS9«T 111)1 

025500 

02)500 rCTAl BODY MASS Of f EHMfl«AT lOli BY CSCItlATIM*. FREQUENCY, 

02)500 

02)500 HASS 125 Trj ?io L8*»/-0«l « FS 

02)500 1 50 tn 100 KCi 

023500 

SOUY*-aEST research institute RH172 ISRYlAftI 511 

CIEHENTS OF ASSEHBiV SEAT, SP9ING LOAOInC SYSTEM 

AN EtEf TRONIC SUBSYSTEM -aOUCE 

229*00 LIGHTING SYSTEM - PLANT LSIOIB 2Hl«. 

229*00 

229600 PROVISIONS FOR LIGHT P! ANT GRO* ING ARfAS* 

229*00 

229600 type LIGHT 0 A f L IGH T-F L UOPf SCE N T 

229*00 (LLUHINATION 102 M-C 11100 |U«/M2» 

229*00 

)t*000 PLANT GRCmTH and SUPPORT CONTAINfPS LS1019 121111 

14*000 

34*000 VARIOUS SUE CONTAlNfR TO ENV IRUNPE NTL V hQuSF SEEOlINGS. 

14*000 

14*000 CAPACITY UP TC 20-C* PLANTS 

14*000 

ZIT500 CELLS/TISSUE HOLDING UNIT LSIOIF 12111* 

217500 

217500 CCHHINATION HOtriNG UN I T / INC UB ATfR CON'AINlNw ELECTRCNIC FLUG'IN 

217500 capability for "EASUPE»»FNT DEVICfS 

217500 

217500 TEMPERATURE RANGE *1 TO 1*0 F IS Tf ^C Cl 

217500 PC02 160 ♦/-S — 

217500 PN2 60C */-20 

21750D ^ PC02 ) MP OR LESS 

21TS00 total pressure ’60 ♦/-ZO PP 

21TS00 RELATIVE HUHIOITy 6 C TQ | 00 PCT 

2IT500 

229*00 CELLS/TISSUE HOLDING UNIT LIGHTING LS10I7 2111* 

229*00 

229*00 PROVISION FOR PROVIDING COOL CIFFUSEO ItGHT 
229*00 

229*00 illumination 90 */-10 F t -C 

229600 temperature 

229400 


LS10I7 2111* 




.■,r>v- ■ ", 


KfifSi’f 
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5»*CI T|CH*,nL0C» 


»0l011 CC>«OI*tSf« STIO? Ulil 

*01011 

*01011 oivtci TO co*<of«iSf iTf4*t th /c*o ciAvrtv 
aOIOII 

*10000 CmOflilATI r*«i«1 STU2 2U13 

*10000 

*10000 T4IMS *0* 1TQ*a 6I COkiOfNIATf 
*10000 

*100 00 M|SlU«f 20*S( (1.9*11011 

*100 00 

10*000 1U*PQ*T iLlCroONlCS 1T00* 2(U* 

10*000 

10*000 t«.ECr*0«ilCS SU*PC*T Cr'*«USK*r|Ci>iS tKP(*l«*ENM INCLUOtNS 
10*000 MUlTtPiEifll bITm COHvftTMS **0 CSClLL*TQas 
10*000 

11*900 CSCItlOSCOPf S^oor :iUl 

191100 

191900 PCNtro*, «F*SU*e and maIKTAIH UICTAO^iIC E3Jl»»*ESf OPEAiTIiG IS 
191900 T^f L-iAIKO AANCI (1*0 ^0 1910 MHtI, 

19*900 

11*900 aAMOalO t 990 TO 1190 

19*900 CK^UNCLl 2 

19*100 CfPceCTION FACTO* 10 MV/0IV(1tCS 

19*900 PHOTC^lAPNtC CAPA* tl. (TV VFS 

19*900 

TlMCNtv IktC vPI***/}** PluC-IN/ «71«0 111 

IP* PIUO-IK 

PA^O«tOT»< OC TO 10 *hZ 

CmANMILS 2 

CfPLfCrtCN PACTQP * 10 vy/oiv TO 10 V/7tv 

T1«( *ASE 1C K1/0(V 1 S/OtV 

*AX Vff»I«iC T|*f 1 HCL* 

PAX ITOPfO <i(r|KiC IPCfD ICC OIV/**S 

TvPf OP irooACi split scpeen sistabie 


TfRTfCSll *0>** 

BA*Dii10T»' 

piietihi 

fPiCO «R|T|SG 

STOAACP ViOlO TiMf 

IRASI TIMf 

CfPLicrinN pactqa 

T|li( RASf 

PflPQNCE T(*| 


I1C91 lU 

nc TC 10 «h 2 

99 SS 

29 CP/«S (SC"fN*U 

21C C“/“S IPSHASCfO -COEI 

I >*• 

0.21 S 

, 10 «W/C** TO 90 V/C* I* 12 STEPS 
ICC kiS/C* TC 2 S/C« IS 21 STEPS 
LESS TmaS I KS 


•>EHLITT-PACPAP0 P112A tllOC 111 

PASCWlOT** OC TC 900 «hZ 

SISilTIvlTf 100 m|CPOVOlTS/C*« 

tSOFPCNOPsr PEAXI 2 

»f |G»«T *1 PCUSDS 


TfATaQHU (SC PP*t9 

IAaiO«IOT»« 

CXAHSflS 

OfPLlCTIOS FACTO* 

TIN* IASI 

TltTROPitl **F9 

iAPtOl.CAUlPATEO 

UNCAL OPATfO 

MSP0S9I TiMf 






«9I0MT..., 

FOhI* 


tlSOO 111 

OC TO 100 MHl 

2 

9 MV/OIV TO 9 V/OIV 

0. 01 HtC*0$IC/0lP TC 0.9 S/OIV 

1*200 111 

9MV/CIV TO Sv/CIV I* 10 STEPS 
COST VAP TO 12.1V/0IV 
.LESS Than 1 NS 

1. ALTfBNATC. CMOPPf Of AOOf O.A-T 
CHANNfL 2 l»UP OR ISVEPTfOl 
l*.r I 12.* X 1C. 9 CM 

9.9 aC 

119/210V **-**0*42 AO* 


TfATtQNni me »P1*1*/1AA PLUC-IN/ *1**0 111 

19* PLUC-IN 

PM3UINCT *ANOM10Th OC TC 10 mmZ 

CMASNflS 2 

ClFltCTlOM FICTO* 1C My/01 V TC 10 V/OU 

Tl«| PASf 90 NS/OIV TO 9 S/DI V 

• IIITIMf 11 NS 


*2*000 Tlfl •fCOPOltf OICtTii STOSS 2I11I 

* 1*000 

*2*000 *ICCPO ANO PLATIACR OF DIGITAL DATA IN SUPPORT Q$ hiCPCvAvE 
*2*000 lATIRPfPCMfTfR ANO TPAC« INC INVf 1T|CAT|0NS. 


*t*000 

*1*000 signal TVPf 0 TO 9 yx 

*1*000 *ANO«i|TH 100 TO MO pm| 

*1*000 CmANNIlS * (MtNlMuNi 

*1*000 DATA MOUlPfNfNT 2 **P1 (M|M«UM| * 

* 1*000 

•MPIX CQBPCPATns a**>20C 121 

ISNOmIOTh ICC TO 1121 nZ ThI uC»* 

300 HZ TO 210 ■»*Z 

TAPE «(CT^ 0.1 INCH 

TAPf l.iTI TO *0 IPS 

•ICOAOINC TiPf I Mmu'IS to * »as AHC le MINS 

•OAMAT digital 

tracks * • OICtTiL. T ANALOG 


RMPBX CO*P 


•AP ITCO S2A.000 112 


c-t* 


•O 74.IA.0047.2 



I 




tvacks 

rvi spifo izo i»s 

TA^ hlOTM I mCr* 

MCHBIIIS DIAfCf 

•ACKIHC OENSIfT |0«i/|/T 

tlGML/iCISf 10 00 

OAT A CaOACIIT •«•••«•••••••••*«• A»Z(*I0 

OAMOAIOTM Z M/SfC/T 

SANCAIQ iL»OAfC fSAAEB III AZA.tOO 111 

taacvs 

TA#f tAlOr»< I IMCH 

TAOl iOffOS. 0 SfLtCTAOLf S#(fOS EBCA 19/lA 

TO IZO 

TOf QUINCY AfSHMSC AOO H| TO 2.0 «**2 

•KOteiNC AATC AOO BBOS AT UQ |AA %EA|AL MOOf 

HflONT 100 BOUND! 

DIOI-OATA COABOAATION AlAOC AZAfO 111 

TABf SBlfO 2% 1A.T5. 12.! IP! 

TtAClS 7 OP P TKAC« 

DATA DfNStTT 1*00 CPI PmASZ fKCOfD 

ZOO. !!*• too CPI NAZI 

TAPE 0.5 INCH, t.9 Nil. 1200 MfT 

DICI-OAfA COPPOAATION §1 TOO/POP- 1 1 / 7- f I5Z50 111 

1AACP NAZI 

TAPE SPEED *5. 97.5, 25* 1A.T5* 12.5 IPS 

TAPE 0.5 INCH, 1.5 nil, IBP/ABSI 

CONPATIBlE. 10.5 INCH Pffl 

7 OP P 

DATA DENSITY PHASt ENCOOEO 

CCPPATIBLf 

MENLCTT PACAAPO AT57C5/C % 4*00 111 

TAPE POPHAT ACO. 55*. 0* 200 CPI AtZ| AfcO 

1*00 CP| PMASE-ENCOOf 0 

CMAANtEiS 7 OP 5 

TAPE SPEED 10 TC *5 IPS 

TAPE 0.5 IMCN, 1.5 PILS. IBN/AASI 

CONPATIBtf 

•QB6 HAPNtP iPCPT IZl 

TPACBS 10 

TATE SPEED UP TO 1B00 IPS 

TAPE BIQTN 1/Z INCH 

TAPI iMQTN 2*00 PECT 

PACAINO MSirv 15 PB/1/T 

SICMAi/NOISE Z* 00 

DATA CAPACIfT 1.9E*« 

BANBaIDTN A-15 NB/SPC/T 

IIACP PNTP TCOO Til 

7AACAS 12 

TAPI fPlfO IZO IPS 

TAPE AICTH t INCH 

TAPE LCNCTH *ZOC PfET 

PACEINS DENSITY 1A.7 PP/I/T 

SlfHAL/MOISC ZZ DB 

CATA CAPACITY 2.ZE*.? 

BANDNIOTH 2 NB/5*CAT 

NfNSPTT PACAAAO AlAlSO ilOlOO 111 

EAltOMlOTM IQO KHZ 

CHAMUS T 

AtCOPDINO POPMAT OIPfCT RA P* 

HEWLETT PACAAAO A1555C 11*700 111 

tANONIDTP ICO BHl 

CMAMfLS 1* 

AfCOBDINB POONA? OIPEC? OP PH 

HtNifTT PACAANO #9Y50A-OU lllPOO HI 

fAHaNlCTH 500 HI TO 2 Mt| 

CNAMIlA S 1* 

PFCOBOINO POBHAT OlPfC? 0* PN 

itcwlett pacaabd aiiada/iioava/hoiia iatna hi 

CONE lOUBAf ION *ACA NOUMTEO 

TAPE iPEfO 15* 3 AND 1/*, 15/1* IPS 

CNAWfiS f, 4 

MCOBOINC POPNAT •.••••.... . P" 

. PASliANQ 5 RnZ 

S/N PATIO.... 4P DB 

TBACAS 10 

HCNiTWEli «5*00 tOTlB 

POPTABlf TAPt AfCOPOBB 


SflfCTAQLf TAPE SPEEO *ANBf IS/IA fO *B|Pf 

■AaINMN BANONlOTHIOf*FCf » 900AM7 

PACmlNC DENSITY UP TO aOOPBI 

TfllPS flZAbl 

INPUT VOirACt IPM 

•NMfYUm PN4 117*20 


C-f7 

SO TA-BA-0017-1 








Space Division 

Rcx:kwell InternatKxial 


C»«4%SfLl ’ 

succTiKif tam sMir. tAHcr n/u to iaoi»s 

KlfL 

»A1|MU»I •*HCnlOTn(OI«fCT I 2" **t 

T*»l «ICT»>, 1/2 

kp$9n C0t» '^CC W^.llO 9U 

TtAC«S 

TA»I S^CIO l*‘S 

TAM I l»«CH 

■fCOID 0IP(Cr 

PACKING OINSITV 2C R0/I/T 

SICNAi/NOtSF 20 00 

CKTA CKPKCITV 0I*1C 01 

lANOttlOtM I M0/sec/r 

llf’OO 0*TA AU00CK STOlO 2IIU 

I tf TOO 

llfTQO CKPKBUITt »n ACCfPT vfPv hTC»« data AATESt ••OViCf S*^C0T OuAPTrON 
21OT00 STQtAGC ASO L3N|A tATf CA0A"ltlTv. OS€0 IN STOIS. 

I If TOO 

IlfTOO N*3*0 1|NCT»> 0 TC 32 PITS 

llfTOO OUTPUT 0ATF V*P|A0Lf AT 3 Tj A \»3C 

IlfTOO STOKAGI OUPATIO*. * 1M1NITF 

MIIMC" INC •112-3 T3500 lU 

CUTAuT vOCTAGE ^ T 03 

CUTPUT CUPPFNT i-3. 4-70. 10-5S na-P 

CUTPJT IHAIOANCE i.2 A 0*<N OS 9 V SCAuT 

CONvfPSICN PfSOLOTlON 10 PITS 

PfPCINT OUTPuT/UAOATf .......... PP.T 

oirop PATE 0.1 «/**A 

IETTUNG TIM * 90 m|C«3SFC 

UPDATE Tl-l 2.2 "SEC 

PAi SIG AND MOCO Channels 12 

SIC ANr hOlH chans PfP CAPO .... 4 

louoo oiGiTAt Phase nitia stou 4(ui 

101*00 

101*00 NfTEP TO display p**AsE OP SIGNAL iSCrivEO BV h|CpCbAvE 
101*00 INTfPPMCNETEP 
101*00 

*01002 irO" CONTPOtS ST012 11114 

*01002 

*01002 CCNTPOlS PCP >IC*OnAvI INTftP MO hE T ft BOQHS 
*OSO'‘I 

AlllOO PICOPOPP - |TP|P ChaPT ST019 mu 

*29900 

*29900 PfCOao ANALOG micPOwAvE •AriQPlTEP CaTA mqnITCPInG SEA SUPPaCC 
*19900 T|HPfPATu*E AND POuChNTSS* 

*19900 

*29900 PPfOuPNCT aCSPONSl 190.0 h| 

*19900 IlNSiTtvrv 1C "V/OI VISION 

*19900 Channels 2 

*19900 INPUTS 2 

*29900 

• KKPAN INSTPUNInTS «pp t«l2Q U1 

PKfOOfNCV OC TO 190 h2 

CHANNEL VfNT.TiNf ,2^AfA 

m*;tin 6 NrMOo thcpnal 

IINSITIVITV INUV/NN to 9V/NN 

PfSPONSI T|h| 9MSrC POP lC-f09 OP 90HN PfN TP 

ChMT speed 1 TO 290 hh/SEC 

1*10 Output optional 

HfMLiTT PACPAPD •TIOOBA P I Tm OPTION §2299 111 

01* AN3 C29* 

IT9C0A plug-in 

Channels 2 channels alls event paprep cn 

fOTH SIDES 

■PiriNG h|tk:o electpic 

ACC JP ACT */• C.2 IPS 

voltage SPAN 9 MV TO 100 V 

HfMLETT PACiAtO •TTC2B/PPC1A §2T90 111 

PPfOUlNCT PfSPONSI OC TC 129 H2 

waiting h|Tm00 ••..... TmCPmal 

SfNlITtvITT 9 HV/OIV 

Channels 2 Channels riHfa/PAtPEP 

voltage PANGE 9 HV TO 9 V PfP OlV 

ACCUPACT •/- I t 

-CNlTMfLL P19CPB niOO 111 

data Channels.* 2* 

EVENT CHANNELS 4 

PPiOUtNCv tISPONCf OC TC 29PM2 

PAPIA SPflO 0.1 TO 120 IPS 

HQUNT.. uaCp 

wPAfP alOT**..., BIN 

► IaLETT PACpAP; •TtCM/PB02A AAfTS 

CCNP ICuPATl3N PACP -rUNffO 

ChAIT SPftO 0.29. 0.9. 1. 2.9. 9* 10. 29, 

9C« 130 HH/SEC 

PPEOUINC* AESPONSI 19C •*/ 

Channels i 

pAiriNG h|ThOC THflWAL 

INPUT PANGPS 1. 2. 10. 20. 90. 13C. 200. 

90C» 1000 HV/OI V 

ACCUPACT It 


ao T**aA-oofT«2 


1 



Space Division 

Rockwell Inter nahonal 


HCNCTwru •it'St t 

*C&OlUTlnM ?CO '•‘NT M llOOu/SkT(»» 

■ CCUaOiNG ftAI t Af»C« n|TV/SFC 

c»r Flu'll* ppTic^ 

S^l Sl/f O.OC* inch 

SW€fr S»»EFO ;o,oco LIMFWSFC 

HCKifThFLl AlFStl % 

SlFF^AACk MOUNKO S. r^F• A n /|[) 

IrFICHT liF/n AfCfSSnPFISI IPS. 

ACCESSOHIfS 6 ms. 

CHAMMiS 10 

KFCniOlNG STVllS lNF«T|*Lf SS-lon NnvtNf. 

VFS^ONSC OC in SOOO H/ 

IN^f sensitivity lac N|C‘<IIV(Al - IDJ v:i'S 

ACCUAACT 0.1 I 

PA^fA SPfEO 0.1 TO UO |PS 

K)NfA V. SC-«.0^ 

K:NEYbELt •I'.U ITTia III 

FAPFA N]Dr»-... WIN 

CHAMNflS. 

'PEOUENCY WESl^iiNCF OC TQ ?SKh/ 

PAPER SPIED. 4?C01PS 

SPEED YAP lAT IDN.. .. I •> »C.A»A90, 12 •Evf'iSf SFEPPS 

HHUNl HAC« 

AFCkman INStB^INTS «a 111 

PANDNiOir* OC TC HO«T 

^OCD ■! Tm PM-SOOTAPE ofC 

ChanNFI S I 10 0 OP TT i*, SP'C fAPIP 

MC FOA-AT TMlPPAt B*CIIUMAJ 

CHART SPEED 0.1 TC C-/SFC CTnf «S AyAII 

rwFNi PAPnERS 2 ICPTl TNI 

CInENSIP-NS iA2l .S122.S I KC»'* f 

PDnFA 120Y 50/60 H/ 250* 

101000 signal ciNEPATap sTci^ cniiiii 

laiooo 

laiooo ACCUAATflv BFPAOO<JCI IN POL SI MIPP f»i auTPLT Df a •'ICPCpAyF 
lAlOOO PAOIONfTFP NONITOPINfr SI A SU“lAt* STATE AND Tf NPE P A . JPE . 
tllOOO 

• IPFTIIION mate .............. . fk 

laiCOO OUTPUT volt ACC YOC 

laiooo 

1NIEPSTATF HFCTMONICS CCAP •'*'2* *IC'»', 111 

■ fPITlTlrlN PAIf ................ I •*/ TO 50 IN A GANG'S 

POlAPlTr 1 PPSlTlVt ANO 1 NM.ATIYE C** AN 

blDlH <1C NSTC TO 1 \f. 

CElAY <lw NSEC TO 1 S C 

AaPilTUDf 10. 1 V 

kAVITEft YlEZ 1A-.» III 

PANT>.* 10 IH 0.00001 H/ in »0 •“'/ 

OUTPUT 00 DA A T Tf NLA 1 1 PN/ I J LN STfPS 

10 Y P-P INTO SO f>MNS 

CC OFfSFT ‘ VlJtfS INTO S3 CfPS 

STAHlI ITy ♦/- 0.25* PEA ?k hCubS 

lEKTFONIi INC A‘f. SOI S125 III 

FAFOOFNCY ftANf.F .001 h/ TO I «h/ 

ANPLiTuni OUTPUT T.5 Y "-P INTO 50 OhMS 

fcAVlFOPNS SlNt , PlHSl. SCuA-f, IBIANGU, 

a AMP 

1T05OO SPECIAIJN ANAlyFF" SIOIT lllll 

I TN500 

I WSOO SUPPORT SETUP. CHECaOUT ANO ^IGNA| roTPwT ANALYSIS ■» *ACIO- 
IT^SOO NfTEA UNIT ANO.SkEIP afCllYia HPT 01 »PIAt 0» '■►FTP PffMvFP A««P- 

ir^soo llTuDf yf»sus fpeoufncyi, 

1 T1500 

ITNSOO NANOmOTM . 10 H> I OOUO phF 

l?N50a PFSQiUTION 2 I 

lT95oa MNSITIYITY IC "V/OlYlSION 

1 Ta500 

IEaTPONIC |Nf ■YA*»l AN6<»« 11? 

lafOUENCT aange IC “M? TO %0 r,«/ 

CISPcPSION. fatO span I ■♦*?/D|y TO lO "h//CIy 

AfSOEUtlON I *♦'/ TO 100 An/ 

incidental »■ <100 **l Al FUAlOAPfNTAl 

TEaTAONH INC #1*01A * »1T?5 111 

FPfOjENCY AANGf I TP NOO ■*-/ 

INTf PNCCUl AT ION DISTO"T|UN ..... C ^0 OP ‘ Ui I SC • E I N 

SPEC f PA -PHY s I CS BiTC *?AO0 111 

FOP USf IN I ASFP AlU.N»«lNT 

SPECTtAt AANCE 2 TO 0 Gh? 

|NSTau«‘NTAl ftANDfc HJTh., , , t.T TT 2' •«? 

Q55US0 CAPFRA - ^T|lL IyIS|PlM STC20 11111 

0S5050 

ONSOSO STItl phGTOGPAPhIC fOvF*At,e OF Th« EA*Tm TapGEY APIA IN Ti-f 
OSSOSO YiSIPlf YIGION lafCUlNE^ ,l*UlTANfUoS PnnTfr.AAP** |N Th| INFPAAFO 
055050 

055050 YIE* angle 15-5 DfuAFES 

055050 AESniUTION 100 IINCS/"" 

055050 Fit** iriAHAT 5 TNChF S 

055050 ShOTTFA 5 TD 1/5000 SEC 

055050 


C-^ 


Sn 7<-\A- 047-2 



CBAfLfX «Vl 111 

CONFicum^iON hfl 3 n* stam> ■ccatid 

fOB**AT «... R INCH 

LfNS IMF»Ch*NC( ABLf 


MASfiLBLAC «9CO K Al^n Hi 

TV#C SlNOlE LEN^ BfEiER 

OMVE * (LECTAICAL ni MANUAL 

LfNI AO Mii ALANAI f/2.4 HISS 

SO **M ot STACQN a/a.c 

CLCSE'UA lens * AACkAA O.S A9CUS aance 

IT,25 to 24.2S IN 
AAQliAB l.O 'ecus AANCE 
22.25 TO 42.5 IN 

EIL" SUE 2.25 » 2.25 IN 

MAOAIINE CaSSETTL and ALATE 


J A AAUAfA INC *500 

fILN Sl/F 

EOANAT 

ShuTTFH «... 

MODE 

EAANE AATE 

eocal length 

NO AEOD UENSESI 

• ESOLUTION 

MAGA/INE «... 

AIL-SAfC / AIAIOINI 


A5-N003 111 

5 IN MS 3T52i 
N.S A 4.5 IN 
l/ACOO TD 1 /200 SFC 
PULSE OA AUTOCVCLE 
OA TC 5 AA/SEC 
24 IN 
2 

104 i/MM AliftA 

250 FT ? IN FILM 


IDAHO OISPLAV TEAaINAL ST020 21 111 

lOAHO 

lOAltO TEAHINAL CONSISTING CF AlOhanuMLAIC 4ENSLAAQ AND CAT OI<PLA/ fQA 
ICAIIO mCNITOAING rAAEAlHANT ACTIVITIES 


lOAltO 

AESFAACh INC 4)300 tlSBO 

FOANAT 24 LINFSAT2 3A AO ChAAaC'EAS 

24 tlNESXAO ChAAAC^EAS 

12 LtNCSiT? 2* to CHAAAfTfAS 

AFFAfSM AATE h2 

TAANSFEA AATE 110 TC 7400 lAUD 

CHAAACTEA fOAN .....5AT QQ T MA TA 1 1 

Cl MENS ICNS... .15-I/24K13-1 /2Hi2)>t /2D I RCh 

HEIGHT.. 14LB llT.TiG) 


■ E 5 EAMCH INC AOPS-iU 121 , TOO 111 

complete data 01 S»LAY StSTIm made CF CAT ALPhANUMEPIC OISFlAT 

CEC-POP#-f mini-computea. ASioi cpeaat-:as CONTAOl ccnsole. 

PAINTEP/CAAC AEADIA, APU- 4 A ANAPLfAf* AND AtU -13 UNICA|VEA 

Channels 12 

MlMOAt SUE H hlAOS 

•ISfAMCH INC AlU-llOl A 1555 111 

SCAEfN FOAMAI 12 LINES 1 T 2 OA 10 ChAAaCTEAS. 

24 lines ■ -0 ChAAACTEAS 

ChAAACTEA rOAHAT 5 X T DOT ■ATAIK 

TAANSFEA AATE lie TO 240 C AAUC. 10 CA H FIT 

CHAAACTEAS 

mooes HALE QA FULL QUELE A -Ski TCmABLE 

local op BfMOTE 


mImLETT PAfBAPO 


A240CA 


I15A0 


111 


riATPONIC A4C02A/021‘Oakl-00 14550 111 

CISPLAT mEOUIP 11 INCH 01AECT-vlE«« AISTABlE 

STQAAGE CPT »|Th aeeaisheo 
SCPATCh pao AAEA 

display AAEA B.) INCHES hCAUONTAL ■ 4.1 

INCHES VCATICAL 

hphanu>eaic mode 

EOAhAT 34 LINES Of B5 NOt«AL OA ITALIC 

CHAAACTEAS IN main AAEA. CNC 
LINE OF 14 CHAAACTEAS IN 
SCAATCh AAO AA|A 

ChAAACTEA SET 46 uPPEt ANC LCkE« CASE FPfNT. 

ING ChaAACTEPS lASriT CODE » 

CMAAACTfP Sill TCA4C PUS ICAN Bf OOuBLf SUCi 

C«AAACT|P GENfPATtON ....... DOT hataIi 

CUPSOA AULSATING Tk4 HATA|| 

GAAPhU modes CINEAA INTIAAOLATE. INCAEPENTAI 

Plot, point plct. 102411024 
AOOPISSABlE points. 10241761 
YIEnABLE POINfS 

GAAPHtC INPUT mode 1024 Ml. 761 t Yl POINTS. JCV- 

SnCP CONT60LLE0, CPCSS-h6|6 
CUASC* 


102700 CDAP'jTfA ST024 21111 

102700 

102700 COPP'jTfA capability TO PAOVlOf PASIC PC|NT|NC AND TAFCAiNC InAQA- 
I02TOO MATION AELATlvl TO AT^ STABILITY AND FLIGHT PATm AEQuIBEMENr S. 
102700 


CATa CENfAAL COAP 

mDAD L ENGT h . . 

•NOVA POC 

111 




COAE HlvnAV ........ 



CATa CEnEAai COpp 

1 ENpVy. ........ 

■ SUPfANDYA SC 

111 

data GfNfAAc COAP 

•NOVA 12CC 

111 
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Space Division 

R<x:kwell International 



-Of* I ♦ .1 •• 

CYCit ri-F . 

Mf >■, fry 


I i •• I ’ 

w.: N4SJSK. 


DAT* MirnlNCS ■‘?C/I H 

•*f«IOAv CYCIE T|nf ].‘-|rer sfC. 

•^**^*'' t "PASOAeif ,fr09fcftvTt », M«l TSlTQ 

3^. T^W T ff s 

■eClSTtPS 

patfisios UP T{ 17 Hits 

V4BHS OAT* MACnlNiS ll 

f*SIC t:.****ANn^ lOJ 

*rcAtss INC **noF > 

pA».»(f*(irs 

wO«D t fNr.f- t ju t,|| 

fcfCISTFAS * 

Mi < » tn I Pi%c» 


Cl*»V r*TAI -fr |».r 

SIP .c r iNf MS 

IUP'JT Tli»lT»*.Mb|r(M 

*rC‘l**iii ATQP u|T 

pcciSTffrs If M|i I sni i ti E*c«i 

AO»n IfNt.fH Ifr, „H. f,*, ajT5 

pr.^G»* f*P*MTv ic:^. :r -IT mif-ts. ic«)> I*, -1^ 

I.' ‘•I', GO ADOIT|rs*i , !•, ni* 

• J-'' S. T '^*L 6' ‘ if- . fr-' 

CfSEPAt AuTfPiTinN |%r. IJI 

Mini t IfJN ,,p. . J J ^ ,rf .s 

PI POPv a. 

CVCIF TlMf 

•INffcAl AuT.paTICN INC. •Si'L-U JU 

PfPOAY 1 b- 

b J*n I f si;th 1. Bjfi; 

■ FA0/l>f>iri (vf.lf M»H. iiy Tl-F ... iyo »« j*,^. 

■ I AC ‘.IT “tPfJt-T *.Oo V) T<fC N*»,[iS€t . 

INPUt/JUTOjI T|-f l.f. TO 2.P NICBDSfr . 

IN* TOil.SF-f» P*tf 0.^'--E*J6 T*" -.SfTJt 

CfNFfcAl AuTr.PAtlON 1N(. ySPC-l^ III 

•‘PiOPY hm U If»« 

pPAO I f Sr.TM H HITS 

CVCL F T|MF ;.|T NK «OSK 

sro*fD PBor.AAM iiFLutioK satf .. o..m»oa/mc 

I/O fAANSPFB AATF o.-cl *aN/StC 

BFCISTFtS h W PIT Pfr.lSTfas 

ACCO»HJl ATOaS - 1? HIT 

DIGITAL TG01P«fNT COPP .POP-A/F *?7UOO III 

»FPO*y ..0«^ftlCTp I l‘ «P*NC*ai! ‘ 

t; , Tf M «nans 

hGAO 17 HIT 

CTClF time l.S P|| POSft. 

AOOAFSS PfFlPtNtF I7 hit itWU 

KOfF: -A', f III aiV.F jNTraiirf 

M A B p ki* a ( 


0. i - *. d V P- p 

1.3 V P-P IP* 100 PC t CCATP4ST 


*.r y P-P «A«INU« AT PI PtFANA 

V» M :»AD 

TIOFO INPUT |•*PICANTI *■0 ■ ' *T*« ^IN ‘‘,mlnT*^0 **T •*! IJ 

PI ‘ir.vil ,lf 70 V P-P: .4UP 
»i>>pp| -.SI N frO « •» to- 1 jOc’ "* • 

V lOFM IP! wu» N T « i >P( s .1 

AT NO or T ,1 iar'fu.L i» U)N .... ‘iat i i- Ti lo • • ' , -a op 

AT NC — / 

*T TO p(T i niFT.. -r.rj ii*T I OP n tj •*./, -7 op 

AT -M/ 

‘•'lyr -‘\PfNM Than IN N' a|SF/lAlL l|»»F 

A» r P( T OFPTh TA ■ONiaATIfN 

*'* 'N . t**Pl M T| C» SIPAPAt* «/w •. *Nf . 

0.‘ V tn 10 y P-P. r.Bijf»fr tm*n 
INP ut INPFOANfl 

i|N»Afr|TT I Of r r'CTuAI mii-.ih 

B| ’3 ACI T l-f 

►•ui I I ii N yjlb »SFC •Ai 

^ I' *l - -I -O'lf m*i 


»i) ; i.\A. . .1* j 


] 

i 



Space Division 

Rockwell Internatjonal 


Kikmjkir #i|QufHCv 

M0i]|0«ifai 19 - *0 

Vf*T|CSL 19 - so »lFL0S/$fCC*« 

cnnu INC. tLlCrsONlCS OlV SSSOC I92S0 

MCruif Sllf 7 .)/|Sn 1 9>9/l*« InCmCS 

HOtilONTSi. SCAN «S9 UNIS. 90 OS SO SULOS/SEC 

IT| lines. «0 SKCDS/SfC 

ViDfO SMOMICTx 20 */. 2 08 

SOhIS 29-21.9 VOC. 190 aSTTS 

101910 OA^S SSCCfSSINC COulSnCNT S1039 lllH 

101120 

101120 ^10** sslfo nicnsL osrs roNvisstON ro snalOT. aos»* cc-ssiitLE fqs 
101920 S!Al KmE OlSSkSV. uSfO ON STQIS. ST02S SNO S^OIS. 

>01920 

101920 CMSNNfiS 12 

109920 OICtTK-OSTS 10f*9S 8PS 

101920 

TlNNftfC arcSCO fSOOO 111 

CONVfSIlON TINS 9«tr»0 SEC 

CSStCiTV * 2040 CwSNNfLS 

CONS icussr ION.. CONSSTIftLf alTH Sl« 

TfNNKfC STC ?2C 9993 111 

CNSNNfLS..*.* • 

CNANNEi OnClL riNf....... lOONSfC 

CONSIOuSSTfON. ...... N|N C0«*SST(8tE 


410C00 l .QSSCf - r.SS SOUSCE ST0«9 SI 1 11 

410003 

410000 GAS souses STOBSCf OrTTLIS CASSIcE OS STCSInG VS# IOCS CASES S7 
410000 NIGH »S|SSUS|S. Sl«tlSB TO STSNOASO «-iCTTCES. CSEO IN STOIS. 
410000 ST02S SNC SroiS. 

410000 

410000 vJiuME - ShtSICAL 9 CU ST eS 

410000 PSfSSiiSE -Sil«u** lOCQ PSt 

410000 

001*00 GENfiATrs . sESOSQC 
301400 

0014C0 CASssIliTy T 3 asQOoCE s INf itOulO saSTIClCS bE 3UI*EO SC* vsSfCuS 

001400 iiAcsiNfNTs. osro IS srois. sro2S and stqis. 

001400 

314000 GINFSSroS - ION STOST 1111) 

114000 

I14Q00 ICNI2I AISCIOL AAAflCCfS SJ AS TO OBSFByf 2ESQ CBAv|tv pOT|Cn. 
114000 

MITBCNICS ASSOCIATFS •bulletin 24-to 111 


to. IS CL PI 

STC4S 111)9 


NSriB 


ST04I 211)9 


211000 ¥Asask/|s 
211000 

111003 CASSBICITV TC SSOV I5E COOL aATfS VASCS TO ElPfStHCsr CCATsINfS. 
IllJOO 

22SS00 iIGhT SOusCE STCas 21111 

2tfSOO 

229S00 PCSVaSlE light SCusCE USEi' Shotogsashi mo EiSESl«Esr CPfSA 

229S00 TICNS ANC SISUCTS. USfO IN STOIS. ST02S SNO ST015* 

itfSOQ 

22BS00 tCLUNINATION * 100 TO 1000 LUNfNS 

ItfBDO OTSTANCf US TC 10 SEIT 

229S00 

21T9CO EsvIsrNMENT ChANBES ST090 111)9 

29T900 

299900 SSOVinE SSECIAL ChSPBEB TO «0N|T0S OSTICSL SSOSEBTIES OF AE*OSOlS 
J9T900 mITh CASABUITt TQ PESTllBBATE TMf FNVISONnENT al Tm IQNS ANC 
29T900 CISEBVINC The SESQSOLS ThBOuCh a NICSOSCnSE AND SHCTOCSAS..IHC T.-E 
29T900 SCENE. uSfC IN STOIS* ST02S SNO STOIS. 

29T900 

IB90O0 MlCSOSCOSf ST09I 21111 

2S900Q 

2S90O3 NICS0SC0»IC fSSalNATION OF AfSOSOL FASTICLES 1N ThE TlSUSL SANGE. 
2B9000 StSO CCHSSTIBLf nITh BIOLOGICAL ANO mETALUSCICSL EtSESINENTS. 
2B9000 

2SS000 NSCNIF tCAT ION SANGF 90 TO 1000 i 

2B9300 Si*CTCGBASMt C CSSAfUtTv tES 

2B9000 

IS9009 USED CN STOl* ST02S AND STOIS. 


IAUSTm 4NC LOM INC SB9T>SlS SfTS 111 

cijiCMvcs * Flat field 

TVSf QBjfCPIVf 91. O.s NA: 101. 0.29 NA ] 40S . 

0.<9 NA t ICQI. 1.29 NA 

iLL'JNINAfOS 9 5TFS, 10« vCLTACS TBA*SFCB«ES 

ETE»!ECf9 SAlSfO lOi 


CABL IfISS CC aUtriiSHOT n SBOOO 

CQNFICUSSTtON LOOSE EOuls 

•SGNlFtCS^ION 2, SI TO 29001 

rs«Fas ATTSC>«ENT SOLASOID. 419 F|L4. 


Ill 


19 SH aoiL 

?TC94 aim 


099099 CIP|SA - CINE 
099099 

099099 ShOT-,CSASh|C arcnsc CF ThE activity of AES^LOL SAB/|CLIS in 

099099 NCS«AL. SlD* NOT ION ANQ T LAPSE SECuENCES 

099099 USED IN 9T0IS. STOIS. STC3S. STCSS. 9TC9S ANQ STOSS. 


099099 

099099 

099099 

099094 

091099 

0190E9 

099099 

VIF« angle ...••• 

■FSOLUTIOS 


SmuTTIS 


SILT FOaesr 


eSHESA fSEEO .... 

............ a 1* tl la. S4 ASS 

V7^ 


C-102 


SO T4.SA.0047.2 




If 


•IC230 


UtCTfUC 

fOACKS 

T*^6 mCT** .. 
lOI SPfcfOS.. 


■SAMFa III 

lA 


FKfQULMCr M(SI»ONSe 
SECQUOIMG MATE .*.. 

toEICHt 


1 INCH 

n SfUCTABIF SiPfEOS * Ih 

TO UO IPS 

AOO HI TO i*Q "**l 

600 «^PS AT MC IPS SfPJAL "OOE 

IOC PGUNOS 


OICI^UATA COPPUKATIOAi AlfrOC AiT6S0 111 

tape speed ?•. 1A.7S. 1?.S IPS 

tracks r n« <1 TPACk 

DATA CEHSITY |*:00 CP| PmaSF F*<COFP 

?0C. ss**. ROO C PI NP/I 

tape O.s inch. l.S *«IL. 1?00 TFET 

OIGI-OATA COPPORATION • 1 TCO/PPP- 1 I / T- 9 1S?S0 111 

TBACK NP/I 

TAPE SPEED 4S. 37. S* ?S. li.fS, IZ.S IPS 

tape o.s INCH, l.S MIL, IPP/AASI 

COMPATIBtf, lO.S INCH peel 

tracks 7 OP S 

DATA density PHASE FNCOnED 

COPPATIPIE 

hCmLETT PACKARD tTSTCB/C S 4600 111 

TAPE EOPPAT ROO. SS6, OR 200 CPI AP/I AND 

1600 CPI PmASE-ENCODE 0 

Channels 7 op 

tape speed 10 TC 4^ IPS 

tape o.s INCH. l.S H||S. IPP/ANSI 

CONPATI HLE 


note narner ppert 

tracks )0 

tape speed UP TO looc IPS 

TAPE NIOTh ..................... 1/^ INCH 

TAPE length 2400 FE|T 

PACKING density I** *H/|/r 

Signal /NOISE dp 

CATA capacity UTIL'S 

• ANLNiIOTm f,-l« hh/SFC/T 

lEACP #Hta TCOC 

TPACPS 12 

Tape SPEED 12C IPS 

TAPE mICTh 1 Inch 

TAPE length R20GPEET 

PACKING density lE.T nK/l/T 

SICNAL/NOISE 22 OP 

data capacity 2.21 *10 

PANONIOTh 2 MB/SEC/T 


HEplETT pacpapo 

EANOwICTh ....... 

Channels 

R|CD«D|NG EOPNAT 
hEniiTT paNaro 

EANCnIOTh 

CHANNELS 

■ ECHBOING EDIlNAf 


DIRFL T OP r ■ 

• 1*««C A16T00 

TOO aH/ 

14 

DlPf C T 0« EM 


MENLET! PaCaabo «*SSQA>01I A2SA0a 

fANl^lDtP SCO H/ TQ 2 mm/ 

Channels i* 

RECDPOING EC.RMAT Ol»«CT Jp EM 
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424000 TAPE ®FCC»fTfPS I h| r.H- S® f f O m^L T IC mANNE I I ST0^6 lllll 

624000 

474000 P-r7|PLf Channel high spied electronic OA»a wECCRDINC. SYSTfP. 
474000 osm ON STOIS. ST02S AND STOTS. 

424000 

424C00 SANDmITm 1 u.Hi T3 2.0 <* h / 

424000 Channels * 14 

424000 signal Type ANAIOC. 

474000 

ampex coppoperioN •aa-2CC 121 

EANDmIDTh ICO H/ TO M?S h/ Th*.^IICh 

3CC H/ TT 2S0 AH/ 

taPY I.IOT** O.S |NC*« 

TAPE SPEED Tr e>0 IP^ 

RECORDING T'NE 4 h|nuTIS ti .. -a S AND 16 **INS 

EQAmaT digit A i 

TRACKS S CIGTTii, 7 ANALO; 




CINEPA PEAULitU tORP 
CONFIGUPAT ION .. 
OPERATION mode . 


SPEED ....... 

Mlm Sf/C ... 
lens ........ 

FILM capacity 


J A PAUREP INC 

MOOES 

Shot TER ..... 
SHUTTER SPEED 

film 

film capacity 

LENS 

PESOLUflON .. 


vR- Ut) AiOOO 1 12 

BENCH/imSf lOUlP 

variable frame PAU nt. single 
frame pulse nPf^ATICK IJNOfP 
REMOTE CONTROL 

2 TO 6% FRAMts/SEC IVAPIABLEI 

*»*... 16 MH 

C MOUNT lEN* SYSTER 

VARIOUS HIM HA'AMNES 


f3lT-El S4S00 Til 

B, 16, T?, 64 FPS elect cent 

RQTAPV 

...... I /62.S TO V /SOO SEC 

16 MM MACA/ I NE 

ISO T T ThI N BASE 

2S MM . A /l.M 

2T6 l /4M ON Axis, ISO L/**M *«AP 





CONMCUtAfirN * •4CL*4TFa 

TA^f SPCtO ) *NO >/%• IS/16 l*S 

CHANKflS - * * 

tfCn*OlNO FO^HiT f» 

PASSIANC 9 

S/M *• 01 

TIACvS 30 

MCHtvmtL i?60C HTJO 

PQMTABCt TAPf lECOlOfA 
Channel f*t*«i««*»B****a>>******* 

SfLfCTAftLf TAPE SPEED ■AN(*E.«**i 1%/U TO 60IES 

PAXIMUP BANOPlOTNtCIPECTI IOCah/ 

PACAINf. 0ENS]TT**««». TC AOOPPI 

hErOHT,,, 701PS tJZKii 

HCNftwElL HTA23 

Channels.. t 

SElECTAHlE tape SPEIC ■ANGE...*. 15/U TO 2*0IPS 
PfiL St/I Ul*< 

PAXTMUM pANOlilOTHlCtPECTl....... /PH/ 

tape hICTh 1// tN 

APPEK COPP "^OC I/P*lf0 Sli 

TPACKS 

TAPE SPEED PO tPS 

TAPE hICTh 1 t^CM 

■ ICQPI) 31PECT 

PACAtNG OEnSITT 20 ^P/t/T 

signal/noise 20 0« 

CATA capacity EE*IC PITS 

ianohioth I hP/SEC/T 


AYPE* COi* 

tiacas 

tape SPEED ...... 

TAPP AIOTH 

■ CCOPDING MOCf... 
PACKING density • 
SIGNAL/NOISE .... 
DATA capacity ... 
PANOhIDTh 


•A* ITCO 
lA 

...... I/O IPS 

...... I INCH 

DtPECT 

20 KB/J/T 

20 08 

...... A.2E*10 

/ Pi/SfC/T 


P/A.030 


U/ 


44PA0A 

ASPtOI 

AlPAOl 

AltAOP 

A4PACI 

4IMCE 

4SPACI 

4MA0* 

4IPA0A 

4I4ACI 

4S9A0I 

4SPA0I 

*9PA0I 

49«A0t 

4IPA0I 

4IPA0I 

A»ACT. 

AHAPM 

AfCAOP 

4lfAli 

AiPAll 

49PAIE 

4mii 

494A14 

4mit 

4fPAlt 

lossoa 

lOSSOO 

IDISOO 

lOSSOO 

ICISOO 

IM900 

IW900 

lOISOO 

101900 

tOMCO 

101900 

ICIlOO 

101900 

IM900 


100900 
101900 
100909 
100909 
O40TOO 
04IT09 
041 TOO 
O40TOO 
040 TOO 
040TOO 
040T00 


SPECTAOKEVi* - GAHHA PAY STQ41 I|tU 

KKASOAE SPAffCPAPT GANNA PAOIAT|ON OT C i TGGFN f CAL L Y CCClEG L|Tn. 
Ilpt ntlFTfO GfPHANlUN OPTECTCP w|TH ANTI-COINC IOENCE ShIELC. USED 
IN STOIS AND ST03S* 

electponagnet 1 C enengy too mev to a -Ev 

SPECTPCMETEP - ChAPCEC PAPTIClE ST044 lllll 

TkIPTt NULTI-mIM P4QP04T10NAL COLNTER Nl *'h INTERVENING LAVEPS QP 
TISSUE equivalent PLASTIC. USEU IN STOIS AND STOSS 

PROTON ENIRCy range 9 TO 210 MEV 

DEUTERIUM ENEMGV RANGE........ 10 TO 100 Mfv 

fPlTiUN energy range. 19 TC 210 Mfv 

hELIUN-S nuclei energy range . 20 TO 400 HEv 
ALPHA PARTICE energy RANGE ... 29 TO 490 MVE 

SPECTRCNE^ER - NEUTRON S1C49 lllll 

LIQUID SCINTIllATCA nITh ANT J ^CGINC IOENCE ShIELO PuLSE S^APE 
OlSCRtHTNATQR. uscn ON STOIS AND STOIS* 

NEUTRON ENERGY RANGE .... 0.9 TO 19 M£y 

DATA CONVERTED - ANALOG TO CICITAL STOAT 21111 

CCNVERT 4N4LGG SIGNAL DATA ^0 DIGITAL DATE PC* RPCQPOISG AND 
LATER D«MP|»iC TO GROUND STATIONS. LSED ON STOIS AP« STOSS. 

PILM iaDCE ^^OTC 12 Mil 

MONITDP astronaut personal PADIATION OCSE. oose pate and dose 
MISTQRt, used in STOIS. STO/S and stcss. 

dose PA'E 0 - C. I MP/hR 

0 - 1000 ■/«■ 

OCIIMCTEH - YHfPHOLUMiNfSCINT STOTl «mi 

RiiSIVC OOlIMfTfR USING THff mol UM I N fSCiNC I ^0 NON I TOP PAOIATICN. 
USCO IN STOIS PNO S*02S. 

EnPPOt range nosf l to 1CE*09 rads 

PIPPIGfPAYOR STCtO imi 

PROVIDE A cue storage aria TC HOUSE SPECIMEN. USIO IN STOIS, 
ST02S and STQSS. 

fiaPEIATuAE s r < 2 Tt ■» 

SI/E AMPYOIIMATILT S A 2 1 I PT |TA./k90.Tt?S.4CM| 
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I 

i 


i 

i 


MtTOO 

DILtfN-l 111 T 

CAPACIIV, 

TiMPE«*fuai * 

SMIFLDFD aafS 

casMlHS 

ronpaessoB... 

PQfctB 

MEICW 

ci**ENSims 


12. > CU » T 
3. 1 C 

NONE 

U 

U.2S HP 
I I V 6 C M / 
4.20 L'^S 


»H lb 


I NC Mf V 


jOBOAN *f T- I-BB tl 1 

TFaPERATUFr 2.22-6. IK IN I, IK JACP. 

capacity 2 ?.*- CU Ff 

COHPeESSOB hP 

SMlEinFt AUfA N<|N* 

ORAiN n.'a£ H^gulBfn 

Pni»F» ll‘v 60 -*1 *A 

OiafNSlON^j 7A»>f«.S* It . iNCHfS 


112 


112 


I 


4 

% 

1 

i 




! 


i 


\ 





BSRveN paw^FaCTijA INC CO • i in-K L I OC - AC I 13 16 IK 

capacity ft #t **3 

VGlTAl.E 116 VAC, 17. 2 ^, VOC 

FRIGIC’CAB «1*. 172 6 112 

CAOAC I»y 1 *• CL * T 

TEMPCRATiiHF -^.7 T.l .|6 C 

SHKinfO ABF A NONf 

£**•105 iCN-PPf OF TF6 

SPlAPAft F*»fF/|Sf. Cn«*P. Tfi 

CnnoPFSSOB 0.76 hP 

?nwFB ll*-v frO 3.64 

CI**tNSJt'N5»i«A|N Ch*<F 4A I 2t.5^70Y3o.6 INC«FS 

217600 CClONT OBPwTm ENV IBQNVFNTAl chApBFB 6IC I I I I I 

Z1T600 

21T500 hCUSINt, FOR COLONIES OF HACT|B|A k-HlCn CAS ti» ;il(iS»BVrn nuPlA:. 
21TS00 FxPfAKENT. OSfO IN STOlS, ST02V AND STJVS. 

217600 

217SOO SI2F APPROAlNATFLT 6 X 6 * 7 IN M3 * I 3 « 1 “ C*»» 

217SOO 

AlftSOO NlCROBinLOMCAL SAKPlE STORAGE SUB' 71112 

AlftSOO 

4JBS0Q STORAGE RAC* FO® 'PACF-TYPF PLASTIC PAG, SSAIiS AND CAPELlfS ’T 
43*600 OtSTROT PACTEFIA IS tASt OF H»EAaAGF. OSE 0 IN STOlS. ST02S ASO 
43A:00 STOlS. 

43«600 

41B600 S12F APPROXlxAT El Y U*l’*4 IN 4*0x33x16 Cl 

43S5G0 

ZITSOO INCUftATOB STOA' IMU 

217600 

217S00 CCSTAISL* DStC TO PROVIDE VAi.|APtf T|MPlt.iUa>F ENV1BDSP£SYS F a 
217500 ftlOSCIENCF S®ECl«EN, ‘JSFO IS STOlS, SIC2S ASO ST03S. 

217500 

217500 SIZE APPROX l“ATEl T 2xl.6xO,5 FT 1b«x5tx|5 CN» 

217500 TESPERATUBE * 100 F (40 Cl 

217500 

SAflriNT WELCH SCIENTIFIC i'J. •S-*330F-P *525 111 

SANCr: 3 6 TC TOC 

NAK. T£«P NOC 

C42000 CCaiTFP PR INT F«-COUSTfO SlOb* lllll 

042000 

042000 PBOVIOt AUTOnATIC BL OPn ASAlYSlS fMfuo&LnftiN, HtHATaCBlT. 

042000 8LOCO ClLl COUNT. WM|Tt PLOOO ClLl COLST, ■» AS CEll VCILPF. PEAS 
0*2000 CELL IHfPOCLaPIN ASD IT»< CONCf NTB A T |CM , USt ^ IN S»01S. STJ2S 
042000 AND STOlS. 

04200) 

CCULTFB fifCTRnSlCS AIN A5000 

PABTJCL' SUE ,,..,.0,003 TO 2* "ICBCNS 

COUNTING “ATE PL/StC 

CIP*=NS1CNS ...,*<*0* H X 3*^ Cp * * 4* C *• 0 

sE IGHf 64 »b 


COUcTfP ELECTRUNirs INC 

faramxtfps 


• s 


A50000 

HFSOr.nPlN, Ml "A TOC BIT, t>£u 
AICCO CEtl tOcNt, W..1U PlOCO 
sfAS CEIL MfSlGLCAlA. ASf) "FAS 
"Ml f.illiST, wFANCrit vCLUBE, 
CFll M» -Of.l Cftl S CriNCF NTRAT ITN 
Ai-TOPA TIC 


CCUITFB ElKTvasiCS INC 
PABAtfTFBS 


AlOOOO 112 

•♦CIlGlOeiN, hF*AIOC->IT, *10 

mocoiiu COUNT, wMiTi anoo 

CEIL COUNT, aCAF. Cf LI VCtU«f. 
**EAS Cfll HfNOGlOftlk, 440 nfAN 
ceil Hi a-r, I OrtI n CCNf ! stbat IGN 
BAS-JAI 


*54620 
*64620 
459620 
*59620 
459620 
1 49300 
I 49 300 
149 300 
149300 
1 49100 
1 *9100 


SPFr T*r-FT ( - 


v;n uHf TP u 


ST0*6 


lllll 


»“OVinE A PMtlf 0GB APHlt MtANS TO “MSU“I INn»PEN(JfST VC I L»E f* 
CEtlS ANC Cttl SwAPfS. USED IN «TC!S. M02". ANf) 6T03S. 


? I FC 1 BCPHnBF X I s APPABAIjS VTORA lllll 

4EASUBE El FCTtPPMaBi 6 IS -0?UITY, Su*F AT I -ZE t A POTENTIAL, ASO 


SljaFACE rHARGt OtNSI’t Of CFU I 1 Nf S O VF V TmX|R IKE CTClE, USC ' 
K SUMS ANC ST02S. 
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fAUSCH - Lr»| l>»C alsaCT» 3 PH 0 » 1 111 

*ICIAtlC*i VOLTACf 0 * 90 CV 

eiGMTICN CuaafKiT 3-lQO*** 

UV UCH? S9U»Cf OEtT|Slu*< 

VttlHI LI6*<T SOUACE 3CSAU I9DIM 

A<3M)CMlC«Ataa AA«i 3C 2C0*s9Q ntCLlk'ICBONS 


IkO. SAAPifS U 

mtPAriQN TTiif IOMISUTES APMOl. 

lUPPIt Cll T**ICKNfSS I.TMI* 

cii CQ**»osn;oN 

OAfooo ci**TPrroGi STOPO mu 

MTOOO 

M^OOO PAOVlOk VAPUUf GAAvlTV ENVlPONMfNTS TO B|Q&CIE»lCE SPECfHCk' 
OATOOO GINIAALLT LMITfO TO TPST-TUBf SIZE COKTAtNE*S. USC*> (N GTOlSt 
OATOOO ST 02 S ANC STOSS. 

OATUOO 

0 AT 100 GAAVITV LE¥Ek INdUCf? #«•••••• U* TC 13 G PEOUlAEO 

MTOOO 

CLAV-ACAhs. INC SICCA IS 2 A 

tPfflO SANCC TO 1040 sen 

SANPklS UZ INAAI. IS «L |AC-i 

OIMNSIONS ISkllAZA INCHES 

CCNP ICUAATION.... ••••INCH NOUNT 


IKTIiNATtONAL EQUl»*«|NT C7 s2 C2 1 1 /2C21 S/2 921 A IBS 112 


CQNPICUPATION 

APPLlfATION 

SPINNING SPEED 

SPIN STABU IZATION TIME 

ACCQM 06 AV IONS 


iENCH/iOOSE ECUlP 

PtCiO 3P SE4|-"ICA9 ANALTSIS 

ItAO SPM 

10 SEC 

o.s* i« 2» }• 5 "L Tubes 


ACASS POTNAC A 2 A 7 

SPINNING SATE, TCO TO 2 S 00 RPP 

APPlIEC GAAVirv SS TO loto PCP 

sample capacity 24 

eif SCT-V A 4 lO 

SPINNING SPEED, 4000 APM 

APPLttO JfOQPCP 

sample capacity 4 


lAUICH AND LOMN INC 

capacity 

TIN TO SPIN OOnN 
PAM.JNCALANCf 
IPffO 

MCSpiN lN.^?PuifNfs** 
SPINNING BATtw. 
ACCONQOATION 

CIMfNSlCNS 

MllGHT 

POMES 

ClYfLQPkO G 


sSVSTEM CENIPIPuGE 
ICO samples 

1 minutes 

2 TUBES 

UP TO ACOOPP** 

1000 AT 4000PPM 
Plt 2 S 24 S 

0 TC ISOOO PPM 

4ml TUBES! 201 

SITE? INCHES 

11 LBS! SHtPPtNGI 

...... IlSV SO/BO MZ 

• t • • , , I ICQC 


410000 PBISSUM TANS STOBt 41111 

410000 

410000 PAOVlOE PBESSUBE SOUtCI PQA HATEP P|EO SYSTEM TO STEAM CEKEPATOP 

410000 EKPfSIMENT 

410000 

410000 OPEPATING PSeSSUSE lOO PSMA.PPlOfS N/M4P2I 

410000 

410000 MATES SESEPVOIS m|Tw hEATEB STOet lim 

410000 

410000 STORE HATER POP steam CENIPATOP EipEKIMEnT 
410000 

4100C0 QPfPATlNG PPfSSuPf 10PSH2.QTII10ES 4/Me»Z} 

410000 

411100 PLMP STIOO lItU 

41 P 9 C 0 

421100 PUMP aATfS TQ steam CENESA*0S 
411100 

411100 PLOP PATE Q.l LB/hP ( 0. 041SG/m| 41 

411103 

211000 STCPM CENIPATOP STIOI UlSl 

211099 

211009 OlYlCf TP GENIPATI ST?am |N Z|P0 CPPYITy 
211009 

004100 AIR sample unit srici 21111 

004100 

004100 PfPtQOIC collect ION QP P|P SAmPlIS PROM ThE SmuTTLE ANO ATI 

004100 PAOVIOINC TYPE, PA^C OP CmANGE AND OUALtP I CATION OP M|CPO- 

004100 cpganisms ANO non-viable particles, used on srois PND sross. 


0041 DO 

tAUSCM - LCM§ INC. SAO-IA 111 

SiMPLlNG pate o.t CU.PT. /lOOSEC. 

! C.l T L ITf PS/MIN. I 


PAP.CONCINTSATIQN MfAS ... 1E*T PAPTICLES/CU.PT. 

I }1C*9 PAPTIClES/LITEPI 

•PATIClE size AANCE ...... 9.»«C.l.l.Ct2.C»3.0.1«9,iaHicaC4S 

44 B 100 TIMER STIOT |im 

44 B 900 

PftlOO T|M|%C AND VAPjfAitC PRUGPAPMING CAPAPUtTV TQ OPPSATE A40 CCNTPCL 
4BI100 ElPfP|Mf4,T ANO SUPPDATING fOUlPMfNT. USED IN STOIS A4C |TO)S. 


4BI1C0 

AQmOI ANC SCmmAPZ sr.AO I 10 C.Al 4 Ti«li 11400 

OISPLAV 4 OIClTSt ms. eiK, SEC 

OUTPUT |-OLT*OP^ ANO/QP BCD CCOE 

BBOGAAMPfB T|af P*CUBA»S1CCLNT 

DOhN) ANO r.MC signals 


C-iOi 






Space Oivitlon 

Rockwell International 


ra^OMiotf z «i/SfC/^ 

Mfaiirr pachavO aivfsc tiozcc iii 

fAi»r>«inT»« •.*••••••••••••••••••• ^oz «Hi 

Ak'COHOINC POINIAT OtPtCT 0« PM 

PlPLlTf PACaAAO al«S9C Iiavoo Ut 

tlNOMtOTM 100 KHZ 

CPAMilLS I* 

r.iCA»:01NC POPMAT OlMCT QA pm 

MiMilP* PACKAAO alStOA-Cll «2>tOO 111 

• Af«OMlOTM ICO MZ to 2 *M 2 

C»'AMklLI lA 

PPC9i'0lH0 PCIMAt OIPFCr OP PM 


aSKAOi/liCASA/llOASA P4t«a 111 

,••••*• pack •OUMTfO 

19. 9 AUD )/A. 19/U l*S 


PM 

9 kh/ 

4 t 01 

90 


Mll'LlYV PACKAAO 

COirPIGuPATIOM ••• 

rAPI IPIIO 

CMNNIL9 •••••••• 

ilCOAOIKC POAAAT 

PASIIAMC 



TAACkI 


HCAIVafLl K9A00 iftlO 

PQATAILl TAPI PfCQAOfA 

^ 

SlifCTAPLi YAPf SPUD AANGf..... 19/1« TO #01*$ 

KAkIMuM AAAinb intMlOlPtCt I ICCkhZ 

PACKlKr. OlKitITY.. UP tc A00PB1 

TOltS (S2KCI 

iNPjt VQlTACr* 

hCMYMILL *AA llt«20 

ChAMNIL ^ 

SILICYAKI TAPI SPlfO AAII61 19/lA fO 243IPS 

PIfL lAIA 

AAklMUM lAlKOMfCTHIDtAICY) 2** H{ 

TAPP mICTh 1/2 IH 


AMP|I COPP "AA '^oc A/4.1P0 911 

TPACKS lA 

TAPP IPCrO AO IPS 

TAPi mICTh 1 INCH 

AfCOAO Hrnp., OIPECT 

PACKING OrNSITV 2C KB/I/T 

ItCNAi/NOISI OP 

rpYA CAPACtPT IC*1C IITS 

PANOmIOTh I MA/SfC/T 


22T000 lASPA Still Mill 

JITOOO 

ttPOOO “OOf-tCCKlO LASIA PANCINr SYSYfM ■lASuPiNG AANGf. LlNt-OP-SIGHt 
217000 ANGLfSi ANO AANCC PAY| At TM{f N ATl/ShuTTLC AMO SfAAAAtf SPACP 
217000 ViMiCifS INCLUOING AANGI OP Att tC QACUNO. 

117000 

IfTOOO AANGI YOtMANGI «/* 1«10 IN 1*/*S C*l ATI^GNO 

117000 COOPCAATIVI tAACft OISTANCI •• 100 NM <99a AMI 
117000 

AlOOlf MCflVlP - AP Stilt mil 

OlOOM 

AllOll KIASUAC iLFCtPOMAGNIT JC INT|BP|PfNCC At QA|| tAk AlTttuOII IN tMf 
AlOOlS PirOUfNCv SPPCtPUH QP 400 AmZ to 19 GHZ. UllO ON sr02S PNO StOAS. 

A1I019 

OlIOll OVIIALI SPfCTIUN AGO <HZ TO 19 GhZ 

011019 IPfCtPlC MUCTIPATm MfASUM.... 1.9 fO l.A GHZ 

010019 2.029 TO 2.1 GhZ 

010019 Il-A TO 19.99 GHZ 

AI0019 

SINCI* AN** 97/97 •19.900 

PAfOUlNCT AANGI ...1C *0 1000 MhZ IN • OANDS 

ACCUAACV..., 2 I PAfOUCNCT. •/- SI 

VOlTAGI 

VOkTAGI M|aS. AANGI MfTfA KALI « 20.A0. 

AO. 00 OA A77INUATIA StfPS 
total 14000 

0ITIC7OA PUNCTIONS. I NTfNSI TV.QlASI -A|AK » 

OlAfCT PIAK.SLiOltACA PIAR, 
BPO.PH OTSCAlMtNAtOA.LIKlAA 

OllTOO TlLlSCCPf • AOINTING ST192 MISS 

011^00 

OlfTOO PCiNTfNC riLlSCOAi MHtCH ALLOmS fkPIAlMfNr PHfNOMfNA tC Of 
•I0‘''0 OMHPIC ANO TiACKlO IN SPACI 
011*00 

AOTOOO POMPA SUPALV ST171 21111 

A 072 C 0 

A070G0 UlCTAirAi POalA IPGuLATION ANO OlSTA|PUTION 49 AfQUlPfO ANO AT 
407000 VAAtAOLl vOLTaGI lANGrl. USIO IN 9T02S. 9709S ANO 9T04t. 

407000 

AOTOOO v3i*AGI 0 to 24 VK 

AOtSOO POmPA 200 MATtS 

AOTOOO l|NS17|«|Te 0.09 VQi T 

407COO 

PQnIP niSlGNS INC. 4APC-W0 9279 

Output •/-IIkoc a* o-2amp 


C-IOt 


•O T4.fA*0047.2 




AT 0-lA«» 

#CCOi*TI(M «/> 0. :5 « 


|HrfO«NC£ <0.1 Ohi* *0 110 CM/ 

ClACftltlOliS l’XI-l/7«1-l/2 INCNfS 

kCICMT 14^,1 tM 

i0t40f MO $CHliA«2 I100.a211.l«»l t|500 111 

VOLTA&E 0 TO «0 V 

CIMRENT 0 10 la A 

JOHAi FIUHC »«FC CO IHC •*2‘D* III 

AAOG COOING ACC fBII»A*T AVAILAALfI 

OUTPilT volts 0 tq •/- 61 VOLTS OC/PFAM AC 

OUTPUT CUARFNT I AHA 

FAEMfNCV AANC€ OC TO )0 ah; 

AESOLUTION 1 MV 

ACGULATION O.OOl* 

JOHA FLUAF NFC CO tNC « 1il2A tl Til 111 

CII1AUT voltage 0 Tn SO VOC . 0 TO 1 VOC 

QuTAur rUKPIMT ................. J To ? AMPS 

aegulation a.oociA 

STAHUITT */- C.0025I DAY 


soaeksen 

OUTPUT volt ACL 

OUTPUT Cu«* ENTI MAX I 

AEOULAT ION 

CONFIGUAATION 

SITE 

Iff ICHT..... 

COOLING.... 


• <FL*0-W »S1U 

0 Tf AJ WLTS 

12AHPS 

/-.GIT OA • /-?HV 

...... A AC* MOUNT 

...... Sl/^Pl«Klb I/BIA 

...... 6AIH I JOCvl 

NAfUFAL CONVECMCN 


SOAENSFN 

MM CQMPAT ipi t Povii. suMPty 

CuTPliT vnu AGfS 

CUTPUT CUAAENT.... 

AFG>JL AT IGN 

CQNA JCUA AT ION 

SWc 

height .. 


T?-2C LAVO 


♦/-12V; */-2AV 

2 Arc ; lAor 

• /-C.OAT 

MOUNTS TO HACK LF S|* BIN 

l 6 .KiSKJ.*)B»S. MN 
ll.5t1SI1.2KC1 


11 I 


ATGIN COAP. VECTOA DIV. 

MOO El 

TV-LK 1125 

INPUT PQhEA 


lOMA AT 21VOC 

INPUT voltage AANCE 


2 i*/-Avnc 

OUTPUT AFQulATION 


0 , 2 't 

OUTPUT PIPPLE 


LESS Than 5hvP-p 

CUT^/T CUAAENT 

MOOULAt AOhEA INC. 

PT-2T 

*/-22VnC AT lOOMA E A. 

4I2K 

OUTPUTS 


4 

AOUFA OUTAU* 


2 TO 50 VClTS. 1 TO 10 AMPS 
105/125 OA 210/250 VAC 
SOO MICPOVOITS IAMS1 
1.5 LIS. 

4.25 M 5.1 A 1.63 INCHFS 
T1 OEG C 

AC INPUT a 50/1000 H2 . 


AlAAlF OUTMUT ........... 


mEI&hT 


Sl/F IHXHDI ........... 


TFmahiatuaF base 



1 1 1 


TENNElEC AlClil t?T 1 til 

INPUT VOLTAGE 103 TQ I 2«»VAC '‘0 TO LOME 

20P TO 25BVAC 10 TO 60 H 2 

CUTPUT AT lAMP 

•/-l?VOC AT 2AMP 


A2N100 AECQAOEP, OPTICAL ST 2 TJ 11211 

121100 

121100 AECCAO ANO PLATBACk CICITALLT r.FNFAATFC DATA FBOM 4 LASFK ;vsT|H. 
121100 USEO ON ST02S ANO ST01S. 


1211C0 

121100 BANOhIDTH TU 1C mmF 

121100 SIGNAl OICITAL 

mi 00 fMAHNFLS 1 

12H00 

H«B SINOfK INC. #MHtV-7 111 

FILM SI2E 1 |A. 

film length 250f T. 

AF SOLUTION *'0f» I I Nr s/Tka-v?- 

I 22 50 L LW» /I2|K <1 

ML« VPMD IT » ^.•nN. 

data KECOAO 74tt CAKO.HACR C LTK A «C OUNT f A , t 


fiducial MAKr 

film TPMSPOAT SPfFa UP TC 200 IN. /min. »unctiuh V/H 


A A t t r. 



BFSALAB SCI FNT IF 1C 

data a ate 

ChAMNEI AANrpfOTH ........ 

ArCJAO MfT»CO 

IMTCKNAL QICITAl QATA K4TE 

F UK AATf 

FILM capacity 


thlOFIAND riG.Kft. /KfPPOOUCf 
...... AS HIGAAI TS/1FC. 

IOOMh/ /CHANN f I 

MUL tilasEK 

... 22 Hr&AHMS/StC , 

IUQFT/HIN 

KOOO F T 


MIMBEA Akcnio TRACKS 


FILM SIZE T 9 *h 

CONTAAST AAt to i cot I 


212 


1 TNI 00 
ITNIOt 
ITN400 

I moo 

ITNIOO 

imoo 
I moo 
I moo 


FAFCi#*m.V MFTfA ST116 lllll 

MEASUAE FAfQUlK«y. PfAICNl, muLT|PL< PTAIOO. AvfAACf AATIO ANO 
ACLtlPif PATIO P» VHF fKEOufhCv SOUPCtS. USF 0 ON SlOlS* 

eANONlOlH 10 TO loa 'NY/ 

StMStTIVIfT •/• 2 I 


SpAceDMsIon 

Rockwell hternaltonal 


C-ld 


SO 7l.!iA.0041-Z 




Spac* CMvitlon 

Rockwell Internanonal 


jOMli fkunf CO INC tl»SaA-C7 Ui 

rilOUfNCV «Ml6l oc TO MHZ 

OimAV ’’ DIGIT LEO III Oi 4 CITICI^AU 

ftlNSlTUlTV 9C k-V i«S 

i|*t00 DC Tr 10 nhZ (OC CCtrilDl 

9 Hi TO 10 (*C COU»LfD) 

Tl"l tNTftVAL •ANGff ••*••*•*•••■ 0.1 HICROSFC TO 9fC 

■ DMCI AND ICNNAP2 iflTK lOO.tCIt* OZ/ HI 

110.4119*01/ 

100.A0A1.Q1/ 

lOO.A091.01/ 

100.4041.01) 

AAlOUiNCT AtNOf 0 - 100 Mm| 

ItNllTlVlTv -9 TO *% VOL^S 

AfAIOD AANOI ••«•■••■•«•.•■•*..* 0.9 AIC40SEC TO 1^0 SEC 
TIM INTlAVAk AANCI •••••*....«. 0.1 HtCAOtlC TO ll«4 SfC 

4100C0 CAMIA. Tv 5T019 91111 

4AOOOO 

410000 •|AL*riMf VlChlNC OA TiiGfT AtEAS, LAND ha1« anO STAA AlfLO 
400000 TAiCAlNOf 4N0 IfSSO* tO«l S IG hT INC . 

4M000 UflO ON srOAt. 9T09S AND STOiS, 

400000 

400000 VllH A TO 10 0E04US 

410000 AltOLUriON 1019 LINAI 

400000 

OCA IIICTOCNICS CO^OONtNTS ■•^11 4910 HI 

TTM 

OHCTaCONOUCTft It 

rMACI DIAGONAL 29 NN, II INI 

ACCUS hANLAL 

LIMITING •IIOlUMON. .•.•••.••.«. 1900 LlNfS 

CQMU INC. fLiCrOONfCS OlV. tlllO 41490 ill 

IMAGE CnNViATM 4A*i» VlDICON • COLO* 

i||0iUT10N-»«4|10NTAL LIMIT .... ICO LINES M|N. 

CfOMfTAlC OUrOOTlDN ........... < 1 I OA MIC height 

LINS MOUNT 14 He , C-MOLNT 

CCMU INC. ILICTAQNICS OtV. AlOOO IIJOO 111 

LINS-IUILTIN Ail I20-A0 »") A/1.9 ICCM 

LINS attachment All 111.9-EQ mhi 

LINS INTfiCHANGIAiLt ICH (19-190 **M| A/2.0 2CCM 

14 «H C-MOUNT POL 

10 MNt IANOmIOTn IMOC 20041 .... 929 C« 724 LiNf IVIOICON T241A) 

20 M..I IANOhIDTh IMOL 2C0A) .... |T] no 4*9 LINE IVIDICCN IITII 

OIL SAICIAICAtlONS ori-f-9|T2C. OIL*9TD-AIO 

COHU INC. ELICTOCNICS DIVIS10NAA900 42229 111 

LINS All 70CH 

iClltOOM 

VMTICLt l»lt» AATE 4CAICL0S AEA SfC 

HOOllCNTAL SMilO iATf 929 L|N|S OfB AOAMf 

IKAGI TUAI TtOE A9AU STQ 

LINI MOUNT 14 MH C-MOlOiT 

OIL SAECTOtCAT IONS M|l-I-9aOGh» MU-l-flOOO 

4044CI MASS IOICTAOhITIA 1T14I IIIU 

♦H40I 

400409 ANALTSIS CA CAtlOuS CCMiuSTtCN OACOuCTS AQOMfO |N 2|AC COAVlTV 
4M40I VU MASS SOICTIOSCOOT. uSIO IN STOaS AND tr04l. 

414401 

4H40I MASS OANGI I TO lOOC AMU 

444401 SCANNING AATt 40 MSEC 70 400 SfC 

404401 lINtITIvlTV 1 I 

^***ilTflANUCLlAI LAOOMAT04IEI «2Tf-7 411400 111 

MASS OANOf 2 TT 1000 A-U 

■IIOLUTION GAfATIt TNAN I^IT TO M4SS LOOO 

tlNSITIVlTV.......... Ell .0T9 NG/lfC MITmVL ftlAtATI 

oc INTfAAACPS.OAOif S«orAT|4.fCr 

VIICC INlT4uMfNfl INC tCA-*-|M •M'.4| 111 

MASS 1 TC T«0 AMU 

•llOiUtlON lISQLVft T«0 masses .C244 A0A4T 

llNtlT|¥|tT. 111-13 TOMA AO* N1 

•iCOAOII... lOtCAOAS ON single cmaat 

KAN AATtS..... VfAv SlOm TQ AAST 

OTaTOO GA| ChAQmaTOGOAOH sills 2IIII 

OT4700 

QT4TO0 AAALVtIS 00 COMfUStlON OIQOuCTS AOt HAm| CM|M|friT |lO|lfM|NTf. 
•tATOO USIO IN STOAt AND STOAS. 

OHTOO 

tOClMAN 0GC-2A A1090 111 

OtTiCrOA THftHAL CONOUCTIVirv 

tlMOftATull CONTIOL 4ANGI aoC TQ |a« 

CONTtOL ACCuAACt •/-O^l 


ItClOAN INITOUMENTS A4T0C AfOOO 

IlNSlTtVITV. *0 4 OAM 

OOEiATlNG Tf«* *C 229C 

riMA|iATu«l 0.09C 

4KA0AN INSTAuMfNTS t4T00 14090 

SfNIITIVITV *e 9 00- 

OOtlATiNG Tf-O ......99 »C Z29C 


TtNOflATuAI CONTROL C. 09C 


e-ito 


ID T4-tA-004l-I 


I 

I 



Space DMtion 

Rockwell InternatKxial 


JNSTfcUilfSTS, INC. •Ad-Mi t?o7*> 

CONT«n S6NSIflVl*T < C.J01 UFS C 

H*Nf,f Tn DCO L II T£0 I ^C **f ST S I 

HCCiT CAPCiCiTV-tOTAL ^OC ••MS 

(NlftS «... OU«l (3N-C0iU««N 

ICNtZATION OFreCTONS htOSOCFn FcAMf 

VALVING Mir^Q OB MINI VOLU»fc VAiVFS 

• EIGHT BOlfuOS 

PQmEB aECtilAEMFNTS 11^ VAC 

C*«IE INSTBUMENTS . INC. *<»500 AllB*! 

T(H»FBATuB(^ fBNGE AMNIfsT T(J ^00 OCO C 

OfTECTOB OUEL FMO SIN.>lE »<vOBCGEN ELAME 

SFNSmvlTY 5F-12 AMPEBfi 

FCHCB BFOllB FmenTS * 11* VAC. TO 63 hI 

•♦iNsoo FVBOMFTfB sn'F^ Hill 

AIN500 

AIN503 MEA^OVf reH»EBA«lifct OF COMHLSriON PBOCESS IN FtAMf c*-§*isrBv 

Al«%00 EIPEB |M(iwTS. USED IN 'TOaS ANO STOAS 

AIN500 

A199G0 TFMPEBArjBF BANGF 0 TO )300 OE G f 

41NA00 

UCCK #2000 A.'-OO 111 

TcHPEBATuBE aanCF AC - 3000 0^0 C 

SPFCTbal BESPONSE O.TO TO 0. 9 T MlfAf- 

CAimaATICN ACCi;BACT •/- 1 PCI ’f *•» "» •/-N 3fG C 

BfPEAT APIl 1^* 0.3 PtT F5 Tf*P 

PESPONSE T|m£ at MtTfBS <>5 Pf T FS INPtT -I»m|N I $£/" 

INOIC ATCP/CONTOOf t FP amh TFmp ., 10 TO oS OES C 
SENSING mEac anaJFST TE«*p - TO OtG C 

0NB*00 CCMPOSTICJN ChAmAFB STHA I I I 13 

0N*300 

09*300 C*-AMAEB fcFEBE FlifiS AND OHCI/EaS A«e |NjfC»EO. ALLCwET *C -JBN 
09B300 AND ThE FtAMf CAPABLE C* MflNG •*«N|rr»fp. 

C9B303 

09B300 SI?F APP«0»l**ATtL T l.t^ 0|A a 1.3 FT 

09B300 10.31 DIA f |,0 

09B300 

410000 TANaS - FuEL/OaIOI/FB STirq 41133 

410000 

410000 S£F>KAB Tv*£ tanas CAPABl E CTF STOBING OlBMOSIVE FofLS AAC 
41C'VJJ QXiniEEBS IN The SOPTIE lABOBATOBV At I Oh »BtSSUPES. USEO IN 
MOOOO STO*S ANC STO«S. 

41U000 

410000 SI/* APPB IIIMAT ELT 0. T3 OlA A 1 ft 

410000 I0.?23 PIA A 0.9 •! 

410000 

J9T300 ChAMBTB. COmCAi TENT SMB* 11113 

29T300 

297300 CfAMHFB fob PFBFCBmakcF OF SoPfP^lUlO Hfl I UM aNO LIOOIG DACF/ 

297300 pahTICIF EAPfBIMfNTS 

297300 

297SOO 01 MENS IONS .•• .•••1.*FT4 0.33m| COB* 

297300 

003110 ACOUSTIC SPfAAFF ST1S9 41111 

00)110 

003110 PABTICif pOSHITNING OPiVfB 
0031 1C 

003110 FBFOUINCV BANCE 30 fC 1 OAH/ 

00)110 

21P300 magnet. SuBEBCONOUCT INC ST190 11112 

2)P*00 

21B300 MBGNET FLB OBl p/PAh T IF I E POSITIONING 
2)B300 

296000 MCTOP.kl ECTMC *-t|91 Hill 

204000 

204000 NtTOa FOP CMAMBfB r*lVE S7 ST|m 
204000 

100400 CBTQSfAl - helium 5T|<»2 UIIS 

100400 

100400 LfpAM TtPf STOBAGE CnNTA1N«4 tO STtJPE ANO 01 SFfcNSC L I Cwl D HE L U‘B . 
IC0400 

IC0400 SI/E APO«0A IMATFl V l.‘ n* « I.T ff 

1006 00 <0.3 OlA I 0,03 H| 

t C0400 

COVOCENK ASSOCIATFS INC #30-13 )?B*2 112 

CftfAB CIA IT IN. 

IIOUID (AP 101 HTfBS 

nano NITBOGEN CAB 2F.3 lITfPS 

UNION CAANIOE U INOl OlV.I pC iCt- It ‘21 PAp T NOT U130 HI 

f APAC ITV I 10 Hf 30 I I TF P S 

EVA<* BATE/nAV . •) 

CIMENSIONS «4A|P. T3 INCHE3 

height AllMMlI 91.4L"<FLitl 

324200 OBtSSUBf i«TNITnB STl#! lll|4 

>24200 

924200 MfASUBIS PP»S3UBE IN TEST C*-A-Pf* AN- DtSBiAVS OICITailv 
924200 

40TO00 TfHP,*|.f|#t HIHIT^P 3II44 11114 

40T0OO 

407000 MC4IT0BS ANO CINTBOIN TfST C»<AMPfk TtMPEPATjHt 
407000 

090900 CCMPUSTION CHAMpfP ST202 111)3 

094900 

091900 CmA*BFF to EA4M1NE COMOLSnON IN /F#0 GBAVlTV 

090900 

0909CO DIMENSION^ 1 . 6 T» Tl 0.31 mi 01 A . 14 .OF T « | .22«l 


c-in 


SD 74-SA-OOA7-2 




SpaetOIvltkM 

Rockwell bternahonal 



OftlOO 

4lf40l ILICTICN l»IN 4f |0H4ltei/a*St S4ICTtO»|T|4 |T|fP iHU 

4moi 

4mOI lOiNTirV COdtSYI^UIkirS COMWStlCS »aOOu€Tl 

4M4tf 

4t4f00 Tfll4tt4TU4f SI«lS0fl$ 1T|»0 UlU 

414100 

414000 StMtOa TO TlMMtATutf Qf fOMUlttON 440CESS 

414100 

414000 T|4H4ATU«f tAaiOKIIM 1000 TQ lOOOa 

414000 

014100 atfstuif Sfffitots Iff 40 inn 

OJ4000 

014100 IINIOAt TQ **|ASuPf »l|SSU«t QP CCMWlTIQN fI»f»IM4T 
014000 

004000 P4I0SU4I PA40I 

014100 

410000 OII012IP Tam< 1T24I II 110 

410000 

410000 S10M Oltotift PQi CnnOUtTlQii Aficriu** 

410000 

410000 ¥XU**f 2 Cii.PT. lO.lO Cu.«.l 

410000 

410000 Pi.lv T4M( ST211 mil 

410000 

410000 |TQI| Pull POP CONlUtTlOP* llPEPlAINT 
410000 

410000 VQLUKf I CU»PT. IC.Cll CU.*.I 

410000 

410000 IMPT OAt lUPPLT 1*241 1 1111 

410000 

410000 IVPPVT PPfllUPf POP |B*UVSI3N QP PuEc A40 QMOIIEP PPC^ STC»ACf 

410000 TP4PI 

410000 

410000 V0VU4f 0.22 cu.pr.t0.004 CV.») 

410000 

114000 lltGOI VP»P ITIPT lltn 

1)4000 

114000 VPAIAOLI imCHAPr.liiC STPOME LIGHTS wh|C<4 ALLOh Tw| tTQA#|AC QP 
114000 HCTIOH. 

114000 

II4000 STPCOi OlSCHAPOl PATI 1 TC 1000 piAShCS/SEC 

114000 

0P44VIUI PHILLIPS eSPfCT»*SCA4 4QC ITOQO 

4Alt PA4CI I rc 400A1U IN CNC PANGt 

ICPN «AT| VAPTAOLP lOHULl SICC40S TC AOO 

SfCCNOS/SCAN 

SfNSITIvITT SO AMA/TOPP PQ* N2 4f */«A*42 


411C01 CPITICn STATf TEST CftL ST20T 1121S 

411001 

4)1001 TIIT CEIL TO TEST CP|T|CPL PQIN* PH|nO«ifNA. Tf|T CELL tVCLUCfS 
4I1C01 A ThIAHAL SHtiLO. HEAT IxChANGEP, NlCPO«|TfP, CHAN4CP, SUPPCP* 
411001 IllCTPONICS ANO PPISSUPE TPANSOUCffPS 
4)1001 

00)110 ACOUSTIC VIASU4ENINT DEVICE ST2M llll« 

00)110 

001210 OEVICI CONStiT) QP AN ACOUSTIC CAVITV, AN OSClLLAfOA A40 A 
00)110 digital OISPlAx* 

00)110 

4)1002 PCOL lOlLiNG TEST ChAH)EP ST214 21.15 

4)|C02 

4)100) CHAN4I TO IvALUATI POOL POlL ING PmPLChENA IN lEPO GPAVtTV 
4)1002 

414)00 |A|T«uNfNTAT|ON SINSCP SVSTE* 5*22} llll« 

414)00 

414)00 STSTEP INCLUDE TEppIPATuPE* PtEiSlAlf AND ACCELEPON|Tf P SENSCpS 
414)00 

4)100) CPtSTAlIIIP SAPplE ChApOCP ST22) 11115 

4)100) 

4)100) CHAP4EA POP CPOPING CPtSTAlS IN IftO C 

4)100) 

4)1004 SCHLIIPEN TVPI OPTICS |T)TEp ST22T 1 1 1 15 

4)1004 

4)1004 OPTICS SVSTfP IPHOVINC SC*ClfPEN pEThOO TQ EAAiiINE ThI STPuCTupE 
4)1004 QP CPTSTALS 

4)1004 

4)100) hCLOGPAPmIC INTEPfEPCPETtP ST2S1 |I2)5 

4)100) 

4)1001 DEVICt TO EAAPINE STPuC^UPI CP GRCpINC CR^ITalI 

41100) 

QPTKI TIChNOLOCT INC PIM 1144) 111 

POpEP LIVIL..... 0.) TO l.OPNl 1.0 TC I.Opn 

llPQSuPf T|N| TO 110 SEC a If TC 40 SEC 

POUNt... )»CH 

PUP »VAT| till..... 4 A SIN 

hOLOGPAP GA40P AND PPffNfL 


jCOOa EnGP itioc p**l-2 PtTOO 111 

ACTItI VltPATfON isolation 

VA)|A,«.«. I0P4 Hf Nf 

|TST|P CQPPONfNTS.. MAL T|PE PLATE hOlOEP. SmuTTIP 

REAP STIEAfP. PfPEAfNCfl PIPPOPI 
SPATIAL PILTflS. VAPIAtLf PfAP 
SPLITTER. ENCLOSURE 

iCOQA ENGP ASSOC PAP-^IOC AUTO 44)00 

pK)TO pP0CI))0« 

PtOTlOlS CH|P|CAL PILLINC AND CIRCULATING. A« DRAINING TQ 
P40CIII P»«tOQiAPH|C plate 

001000 ACClLHO-ITfO.TiUPlAI ITD) 21111 

001000 

c*ni 

lO T4-4A-004T-I 




Space Division 

Rockwell Internabonal 


•f«001 Teacaikic iMiFUMS stftvc rifCT»r>«ics c itii« 

42M01 

*20001 fLECTtOMlCS F 0 « ANTCNkiA ro SI T lOSi I M*. AHZ C 0 HT 40 L 

*10001 

*20001 Tvei TVPt II ^FAVO LOOP 

*20001 CAIM CONSTMr 1.%F4 PF* SEC SOUABEO 

*20001 BMOwTOfH ICO H/ 

*20001 

*1*030 HECFIVE*, I BSMO C*04) ^lill 

*1*030 

41*030 ACCE1VE i BA«IO & I GK< L S TO nCHQNS^aATf tH{ OPFSATIOklAL PfaFGPMAPiCF 
*1*030 OF TVMCtt S*ACf*OA*«C I NUP F F *0*1 U * 3 f tP Al*CPAf T **0 P*P|*F 
*1*030 NAVlGAf fON/f«aFF 1C LOKTIIPL. TtACM SIO*«AL PHA&E. 

*1*030 

*1*010 C*«*1F« FBFOUENCT ISt^.^S TO l*»^0.2S PH/ 

*1*030 SfkiSmvlTV -120 OflM 

*1*030 PECEIVF* IveF PHASl lOC*(* SlpF uh« TMOCvAf . 

*11030 FlkFP fPFOUfSCV* aOC 

*1*030 CtnANIC PANM 40 Of> I NSrAMA*«EOtS 

*1*010 IQC P* total 

*1*010 PIE-Cf UCT intM *P 3 MH/ 

* 1*010 SkEF* rate TuKr 1 PPM flF CAPai(s HU Q 

*ti010 phase lock loop SHA 4C D* 

* 1*030 **CE 1 VFA NUrSF Fir.uab ........ 3 OB 

*1*030 PHASE LOCP lOn# HANOhIOIh .... 10 h/ 

*10010 

• hC HtCTPCMCS LAP IHC PFPP wieOOATP leOOO 21 i 

FBFOUFNCt 1.4 TO 2*1 OH/ ftkFD TliKCO 

|F/ 3 lsr> IMIKATCP PH SO hh/ 

WISE FIGUbl n DF 


*1*0S'. BfCFIVEA. VHf C«C4e Mil 

*IS0S0 

* 1*030 PfCFtvE VMf signals FC^ PCTAIIFO TVALUA’^ION Hf P|o»naMANf I fMAe- 
* 1*030 ACrpaiSTICS of Toas/r.ADl<* 0 /SHtiTTLF CA^A link. PaovlDES PUMPfA OF 
* 1*030 PfCfiVf* f»»ONT FnDS -hKh CAN PF Cr*»NfrT£D IN OIFFFBtPT BfCtlVl 
* 1*030 CCNf IGUAAT IONS. 

*1*030 

«1*030 CAapIEB FBFOUENCT 12r TO 110 mh/ 

*1*030 SENSITIVITY ?•> m»i2 

*1*030 CA**IE*2N0ISE DENSITY PATin .. SI DPH 

*1*030 CAT A PATE ICC TO 1000 BPS 

*1*030 

eci 11 


PanOF AND SCHHABi 

fAEQUENCY PANGC 
INPilT VDCTAGI . 
KOISE FICUPI .. 
CUT PUT 


4IP020 AlCfIVFB. RU-4AN0 
* 1*020 

*1*020 AECEIVE AU BAND SICNAL *04 0( TAUFO tVALUAtlQN OF 
*1*020 ChAPACTEPIST ICS OF tOBS/CPOUNr/SMUTTU DATA LI NB. 
* 1*020 

*1*020 CABPIIB FBFQ4JENCY 13.4 TO l4.2 Gm 

*1*020 sensitivity */- 23 mh/ 

*1*020 CA*B|fl/NOISf OfN'lTv BATtO .. 9* OB/h/ 

*1*020 DATA eATE 100 TO 1000 IPS 

*1*020 DATA I# TO VlOf 

* 1*020 

*li0*0 PFCFIVfP, S'PAND 

* 1 * 0*0 

*1*0*0 *FCt(Vf s band SiGilAi FOM OFTAUFO EVALUATION OF 
*110*0 CMABACTEP 1ST ICS OF T OeS/GBCHMO /SHI T U F DATA LINr. 

* 1 * 0*0 

*1*0*0 CABRIEII FRFOUFNCY ............ 2023 TO 2120 mn 

*1*0*0 SENSITIVITY • /- 23 HH{ 

*1*0*0 CARBIEB/HOISE OfNSnv RBTIO PS OP/H/ 

*1*0*0 DATA bate ICC TO 1 OuO APS 

*1*0*0 VOICE 

•l*«*o 

ROhDE and SCHhAB; BUSUI 1100.1*03.02/ 


FPFOUfNCv BANCE 
voltage BMGt . 
NOISE voltage . 
image FRFOUFNCV 

COTPUT 


2 TO S.l GHf 
23 hicaowOlT to Ro m 
<i,S MICROVOLT 
SO ir 40 0 * 

2XIF. 2PAF. RfCOROfP 





Spac* Division 

Rockwell hternattonal 


mM 




m 


ilOOIf T«i«i|M|TT|0, lU lANO CKOU U2I1 

410011 

4M4II MOVlOf «U lANO IIG*lak *04 |VALU«T1C*I 04 PfilP C**t«*CTf»- 
4I00M ISTtCI 04 T04t/C«OUkiP/tNuTTLf 04f« l 1N«. 


4 I 00 II 

410011 

OlOltl 

CAPAtIt PAIOUfNCV * 

STAlllfTV 

.. 1 A,A TO 19.99 Cm 2 
•« */- 29 nm| 

010019 

TAAN|MfTT|P POMfA .......... 

,, 100 patts 


PPPArr lvl~PAOI AT 49 POmIA ... 

, , 99 QAh 

41001 f 

DATA lAft .................. 

,, i,o MIS 

4 IQ 0 I 9 

410011 

OUTt CVCLl 

VIOfO 

,, CCNTtNUflLS 

410019 

signal AANOMfOTh ........... 

, , 900 *N *2 

4 M 029 




limtNS-jOMkilON 111 


214041 L«ll* AISfMtir - COl C^oil 11111 

III041 

III941 440VI0I SOuACf 04 CQ«*lif<«r Q4T1CAL IkifACV TO it UtIO Tc ■|414f 
III041 ANO ItTfHO 4N0M.I0CI 04 TM| UH 04 LASHS IN tVACl CC44UNIC ATICNI 
IIIOAl AifklCATIONSt CONTAIN! OATICAl TtANtMlfTfA INCtUOINO tiAPMlOTM 
ailOil CCNTtOk* NOOUtATOII* AND COOLINO IVSTM. 

IIIOAl 

IIIOAl lAtM CA¥irv 

IIIOAl MAVikINItw 10. A NICAONS 

IIMAl kAliNC NQOf «IA0AN|NT4L 

IIIOAl 04TICAL 0UT4UT 40n|A ..•••* ! sATTS AVtAACf 

IIIOAl |44tClfNCT f 4fACfNT 

IIIOAl NOOOiATO* 

IIIOAl TV4I DIGITAL 

IIIOAl DATA SATI too M4! 

IIIOAl fiTIlCTtON 4AT10 10 01 

( IIOAl COOLINO iTiTfN 

IIOAl COOLINO MT»O0 NQ tlOLlOS ALLOnIO 

IIOAl MAO LOAD 100 MTTS 

IIIOAl 

SnVANU iLfCTAONICI 4AAi IIC.OOO 

0UT4UT* 9 vATTS *T 10. A 4IC4CAS 

44I0UINCV < 11 NmI A4T4A l/| M hAAM- 

U4, OVft UVflAL NCtAf 
A»4Liru0f ITAOlilTT < 9 I 

•|1G»<T.. .2TLIS IMCADIt AOLl! 4SP SAL? 


•o 7A*0A-00AT-1 


ATCIN CO.fViCTOA OlV 
40MtA OUTAviT 
OUTPUT INPfCANCI 
PIIO.PANOf 
4MQ.ACCUAACT 
CAPA III OlVlATIQL 
TfPI NDOUkATION 


TN-llll M«1 

0,1 PATT.NQNINAL 
10 OHN 

119 TO tA0«4t 
♦/-O.OOlt 
♦ 1-1I9AM2 
PMASf 


121 


€0114 etlCTAOHlC! INC, 
4AI0UINCV 
P 0 N 2 I 
MODI 
PA4 

PULSI pIOTh 


122 


xult-ft 

iA'<A HlAO 


iitaoi 

iitaoi 

IIT *00 

IITAOO 

iitaoi 

iitaoi 

IITaio 

IITAOI 

iitaoi 

iitaoi 

iitaoi 

iitaoi 

iitaoi 

iitaoi 

IITAOO 

iitaoi 

iitaoi 

IITAOO 
IITAOO 
IITAOO 
IITAOO 
t IITAOO 

I iitaoi 
U ill'll 
IITAOO 
IITAOO 
IITAOO 


C-114 


OlOOlO 
010010 
itoolo 
OlOOlO 
OlOOlO 
410090 
OMOIO 
1C I 


IIP TO I A* tmi 
♦ /- 20 AMI 
10 mATTS map 
loe TO 1C,000 IP! 
0.1 «A4| 

CONTINUOUS 


4999 

190 TO 119 MM2 
AO hPTT! 

UP ^0 10 ««l 

> IQ 01 OONN 


4919 


U.O-IA.AGMI 
110 PATTI 
PU.II 

AC TC AOOO 

0,2 TO l.l**ir.AOIfC. 


A99 k i I 11 IN, IT LIS 


PPCTlOf tOUACi 04 COmIMNT OPTICAL INfiGT TO 01 USfO TO AfP|Mf 
ANO lltCNO aUOMLlOOi 04 TmC USI 04 LASIAS IN SPACt CONPUNICATIONS 
applications. CONTAINS OPTICAL TA*«|SI»I TTf A INCLUDING IIAPnICTM 
CCNT40L, MOOULATOA, AND COOLING STtTfN, 


PPOVIOI SOUPCI OP COmNINT optical INIPGT to tl VSIO TO PfPtM 
ANO IITINO ANONLIOGI op Tm| USI 04 LASIAS IN SPACf COPpUNICAT IONS 
AMlICATIONS, contains 04 TICAL TAANIMITTIA INCLUOIM MAMpIOTh 
CCNTAOL, M 00UL4T0O, OOUILP, ANO COOLING |TST|N. 


CAAAIIS 4AI0UINCT 

STAOIlITV 

OUTPUT POPIP 
DATA 

signal lANOwtOTP 
outt ctcli 


PAIQUfNCV * 

PONiA OUTPUT ,,, 
lANOPlOTP •.•••• 
SPUAtOuS OUTPUTS 


LASIA ASSIMOLT - NOT TAG 


LASIA CAVITV 

MAVILINGTm 

LASINO MOei 

OPTICAL OUTPUT POPIA 

tPPtCIINCV 

MOOULATOi 

TTP9 

DATA AATt 

I|T|NCT|QN AATIO 

COOLING SvSTIM 

COCLiNG P|T«O0 

M| AO LOAD 


LPSIA link. OOUlifO NOtTAG 


CA091 


1.04 NICAONS 
PUNOAUINTAL lTtP..I 
1 PATT AAtPAGf 
I PIPCINT 


digital 

1 GAPS 

loot 


CONOUCTIVf, NO LIQUIDS ALLOVtD 
100 MATTS 


CN09A 


mil 



1 

I 

I 



Space Division 

Rockwell International 


21T400 14^(» CAVITr 

22?400 MAVfLFHGTH 0.^1 

27T400 LMllHG MOOF » IAD4MF N Ta<. iTt"..! 

22T400 Optical output admfa o.i wams a^fmagf 

22T400 (rFICIFNCv 0.1 PF»C'Nf 

22T400 ••QOtAATtVI 

227400 fir Pt 0 IGl »4l 

22T400 DATA 0AIE I '".“PS 

2 2 740 J FJitlMTinN AATin 20 C*- 

22T4C0 C'JCil^O b>STF« 

227400 coni ING T K)C U'M.ICTIVF. NO tlWtl ' Au'pCO 

227407 »-|A0 LDAO 2C0 4 *tis 

227400 

hCLCFFA** a. 'it- II ICO ,, i . *5 

4AVHFNr.TM , , -b ,^0., NIC B, ., . 

**G0€ 

r H P0kit4 t, 

227%J0 11>F- aCiJN . ll’.l 

227400 

227fc0o SFP' 4* ; ijjn’ snu»ct fACiiiriT*. tc;ui sj r Iijn avo/c*- 

2274.:T tL X ( tS’AST LUNWUNICIT r.N Tf-^ISAI. 

22 »«.c J 

22/400 H 4C0S T»Pt c-s»iiT:»-'o • 

2?7400 r AVI Tt. 

22 ■’^0 0 iiAfcEl‘NGIh .*.... j.tO •*;C8J*»S .» 

227400 H-p far, .> ppt 

22’’-O0 FNf PfiV/PUi bF 2c »*J 47 Nicac* 

2274 l 3 PULSF-IOTh /O - Sf r 

227400 Pl»*P .lA‘r- P,.'*P 

2274. iO ' 111 *. *t «JF P7>Mi:,« -r,iJ»il A » I ( *. 

227400 J OEr. T, I »ic -ISo'* 

227400 l:: ,at*r( it 

2274 00 pg«ft cc^^ic^PT I jr. ICC .Air- 

22»4^U 

1810U0 »ki:cX/FNC7 STN t hF S I £ » AnD ) 4lv^«- '»3Se llli: 

lAlOOO 

imcoo AfCdvlIi »I*«ST LO(Al CbCILLA*'-. 

181000 

181000 FaeOolSCt DC ‘•00 '•h/ 

191000 STASliirt «t-*i p£b C‘C 

lAlOOO riuTPUT V^HTIGF I V dm^ «/- l.b D't 

IBIOOO 

■OHOC AfvC SfMwAAZ »S"(m I 1 0?.4<J6«. 4 » 1 I* I 

FPfQuFNCT C - • OU 

CoTJul IfVfl C.2 ■IC*»3 v*lT to 2 ..l7 

‘^PUPIOOC SIGNAl bUPPP^SSIQN .... > P0 


♦< 141*77 P*C«APO 

7®F:utNC» 

Cul V i T *r,\ 


CUI7II FPFootNrt bii/rriON 


*•> 1004 /‘lie** H !2‘ 

' " J— ’ 

I » tM ./. I "I- I 

•••</ , I V • . ♦ lj*5 
-/ TC 100 • -/ I NT. 
0.01 *♦/ 7 1 1 J »••</ ‘- 


d*. 


l «4 I . 

7| P. 


Aieitij •♦'ibF p r.opf TEST 7 "vcf»7 ;iin 

618100 

AialOO MfAi;ijaF SvbfPH NOm FluOPf. 

419100 

AiaiOO NDISf P ICUM 7ANGE 10 ’L l6 0-< 

419100 ACCUB9C7 . in, 0-10 ’*• 

419100 INPUT FAECOFNCT 100 70 I COO 

419100 44NC4I07M I -♦-/ 

419100 

GeNF4«i *iKHnk.AvE s* \ l»400 111 

PAEWuINTt BANDF Ki *•'. NO. tq, I0*. 1.',. MJ. 

l*-0. JP ?03 •N./. Pijr.-|4 vJMt . 

1 iTlNOS PAN.-t »n 140. . 

NDIbF f|,^UPF AANOP 0 T* 4Q >9 

ACCJPAFr */• C.2*^ 0* FOP 0-20 C9 

•/- 0.^ >9 FOA 20-24 '9 

• /- 1.0 On P )P 24-73 C4 

PASOmIOTh I 4.4/ 

ONbo‘n srop^ tA4rnA 'non** 2m n 

0590^0 

09904 0 04 7AIN PJi* toprp,#0 iir oiia as*> 01 bPl av *, 

0990S0 

0990*0 -fUU'’7l?N 44t|n 1*1. 1:0.7 

099040 iFN9 P/1.4 fO f/l4 

099DS0 .•^UTIfA •* til S-COM'S 

099090 *11 4 l»P* P.lAPOIG 

0990' y 

TPptfc'M* me •t-it-P |S90 111 

9HU»7»a 4(rH4fti|CAi ((IEC79KAI 'PtICNI 

Pit* 4AC« PArB-f|L4 PMOli Ell* ANC 4|4 

GAAPlfl OP’ICNAll 

SmuT 7F» PPFPfl 1 tT 1/9Q SEC. BULB AND f I »f 

l7Nb P/l-N, 0.49 4ArmillCA71CN 

TfpTAONU INC AC-99-P 4829 Ul 

9^«OT7E4 Fife f* IF 

7714 P4'.-M14 IPOll F|14 A^C 44* 

.4«»lFl .PVtONAU 

S*HJfTEP SPUD b in 1/4C b'C, 4UIN A4C T|»E 

ifAii P/1.4, 4AUNIP t' ATP ' S 

4*«ifTT PALPA40 •J4 »a «»P9 )|| 

PEt«»C»|f.N PA’in i:i Tfj i:0.7 (ACJUbTAPlEl 

• FNb P* • /I . 9 ••ICm *4 a* ' p| 991 '.K 

tPNS. APEAAIIJAI NAN .1 9 */1.4 *0 

♦ /I » 


C-I15 


SI3 /4. >A. 4 



SMUtrit IMIOS l/SOt |/19« l/l* 1/2. I. 

I, 4« T|i«, tULl 

CAMfllA |*C« ^OLAPOIO UIIW 10^ 


% 


% 






TIKTIOmi INC 





NAGNIPICATtOH* 


•C-lt ts«o 

nm 

ro 




LfHf TO k/lM tic xfCM 

4 TO 1/40 tie tLiC 

FUN TTM... P0LA40I0 

tiataoNii acio tt2f 

FAIINUN tfLATIVI 4Pf4Tl^f F/1.4 

NAQNIFICATION * O.T TO ut 

ilLATIVl tPIIO 

FtiLO OP IN IMtO C»l 

FUN TVP|..,.,,«*...,*,,....*....FOi AVOID 

NlkllTT-PACRAaO •lAf t«20 

VAItNUN ARATlVf APIPATUFI* F/S.t 

NAfiNlPICATION 0«I9 

.B TO l/AO SfC 

LiNS.». M» 

FUN TVP|«.« «**..«.«FQ|.AVOtO 

NIVLITT-PACBABO AlflA I102S 

VAIIHUN ilLATlVf APIBAfUFi • • • t »F /t . I ; 

PAON IPtCAT ION •••••**••••• a •••.* r ^ • Oa I 

TO 1/SO SIC 

LINS NN 

FUN fVPI .aa.aPaLABOtD 

imoo fmcuincv countin caobb iiiii 

imoo 

tmoo NIAtUM FAIOUfNCV. FIBtOO, NUiT|FLl PfMOO AViBACf. TlNf INTfiVAL 
imoo AND BAT 10 OF FBfOUiNCV SOUBCfta 

mm 

imoo BANONIOTM a I Ml TO 10 NNI 

imoo SINltTt¥|T¥ 0«01 BPS 

imoo riNl lAlff INTIBNATIONAL sicono 

»^H0 

JONN PLUKl NPO CO INC AMIIA UBS 111 

FMOuINCT BAKOI OC TO BO PMt 

OIMLAV T 0I6|T LfO II OB B CFTIONBLI 

flNIITlVirV so PV BPS X TO SO >B«2 INCB|AS- 

INC TO M PV AT BO ••I 

BIBlOe BANCI OC TC 10 «m 2 | OC COUPifO) 

5 m 2 to 10 Nm 2 (AC COUPLCOI 

TiNf iNTfBVAL BANOF 0.1 MICBOSfC TO ll»4 SfC 

HffPlfTT FACBABO BSS49A BStOO 111 

BOMOl AND ICMmABZ •FFT 2II00.AC1B.02/ 111 

110a4129*02/ 

““ 100.B0B1.02/ 

100. 4051.04/ 

100.4C4B.02/ . .. 

FBfOUiNCV BANOf 0 - 100 NHl 

IINIITtVtrv TO *5 VOLTS 

mioo BANGC a 0.5 NtCBOSCC to loo |CC 

~ fill tNTIBVAL BANG! a.,. 0.2 PICBOtfC TO 1F*4 SIC 

4BBA00 BF POMFB MltlB CA040 11111 

40S400 

4«t4DB NIASMBff BF FOkfB OF VAB lOUS BF 50UBCTI. 

mi HllOUlNCV BANCtI 12A TO HO iM| 

40BA0B 114 TO 144 ml 

4BBAM 2025 TO 2120 pm 2 

40B40B IS.A TO 1A.2 CMZ 

4fB4tO 1*.* TO 15.15 CmZ 

4M4 M ACCUBACt 0.02 04/10 01 


> mfB ACCUBACT 

ftsi' ANO ICmNABI 

PtIOUiNCT BANOf aaa. 

POnIB banoi 

tl tFii NICBONAVI COBF 

PffiBUiNCT BANOI ...a 

ACCUBACT 

FONIB BANOf 

biaoout a... 


ACCUBACT 

BIAS POAIB SILF balancing 


BNBI I lOO.ZAlla 42/ A1B45 111 

100.IA4O.BI) 

0 TO 15 CMl 

• a. 0*1 * ISO NN 

■4.71 B14T5 111 

a. 10 MHl TO 40 CMZ 

0.5B OF BIAOINC ♦/- I COUNT 

...a.*.* 10 NANQmATTS to 1 NATTt 

Diet TAL 

BFB-ll _ 111 

0.1 TO 45 AN 

• 1 PfCBO-NATTI 

6 1F*5 PIN <|FFfCT|1« LOOP CAINI 

1.0 PICFONATT/OIT (iNCICAfCP 
tiNtITt vITtI 

0.2 MICFOmATT flPOICATOB FftC- 

lution» 


II200B AC/OC TOiTPlTiF 

IBtBBB 

fllOOO NBAIUBI TN| VOLTACI LiTfL CF VAFIOUl tICPAi fOUBCfS. 

BMBBi 


= 

;* S. 


•O 74 04 iiBt»a 
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Space DivWon 

Fk>ckwell International 


fUOOd votracc ianGf */' 100 »v; I, 10, 106, 1000 V 

ilMdO FHEOUMCV tMCE eS TO I "M/ 

SUMO tCCUKACV *t- 0.01 t OVC^AlL 

S 12000 

iONOf MO SCHHA02 *U«U f ldC.00a0.Q2l tl 210 111 

EaEQUEmCT aiNGE OC , 10 h/ fO l.» CH^ 

V01T4GE NMCf 9 Nv 10 I vy <DCI 

0,1 10 1000 V 14C» 

KOjaacv «/' 2« <oci, */- it i*ci 

ElU«E M200* 111 

VOLTAGE tMOF... 100«*rcaOVOL TS lU 1200VCLTS DC 

1 MV in iioov AC 

RESISTANCE 10 MIL Hm* TO la mEGChms 

AEAOOUT.*.,.. neon vUHE OISPLAV 

PB|MTfB 001^^1 C »* T 1 C A 

ACCUa ACV . . . . •/- .OCl t IJE INPUT 

AESGLUTION .01 PFB C*'NT OF BAAQl 

PONEa..... 115/230 V SC-4V0MZ 25<i 

Ot WENS TONS 19. T/24. | JI4 1 .4C M 

ME 1CHT e.T5KG 

nEmIF'T PACkABD *14500 4|Tm OPTIONS »49T5 III 

001, CQ4 

CISPLAV 6 DIGITS 

DC VOLTAGE RANGE * /- 100 ‘^v, • /- 1. 10. loO ANi' 

ICGO V 

RANGE SELECTION MANUAl 0* AUTOMATIC 

fafouenCt range 4.S in i 

AC VOLTAGE range ............... 1, IC, ICC, 1000 V *PS 


101500 A/C CONVEBfFP CNOt/ 21111 

103S00 

IQSSOO CCNWfBT input SIGNAL FBfM ANALOG TO IMLITAL F CR MA T ♦ r)B I/G UNIT 
lOlSOO 

ANllCC OEV1CFS INC* *AOC-PS tT«; II 

RESOLUTION A HnS 

ERROR 

CCNVERSION tine 1 MUlISEC. 


ANAICG OEV1CFS INC* 
RESOLUTION 
ERROR 

CCNVERSION time 


RNALCG OEVICES INC. 
resolut ion 

EAROR 

CCNVERSION time 

ANALCG OEVICES INC 
RESOLUT ION 

ERROR 

CONVERSION time 


RACC-12QZ 

12 Rl TS 

*/-fV.Ol?Sl 

25MICROSEC. 

RAOC-UO 

I 60 1 T S 

*/-0.00lSI 

4C0M1CB0SCC. 


4-i 




CONVERSION TIME ) MICRO 

capacity 204R Channels 

CON*|QURAT|ON COMPATlBiS ■! Tf« M * 

TINNELEC BTC 52C |TSO 111 

Channel s a •■■■ • a 

Channel onEll une.. ioonsec 

configuration. COMPATImlt 

•CHOI AND SCHWARZ RUCM 210/1 III 

I 221.5403.021 

ANALOG INPUT RANGE *12 TO '12 VOl 1 S 

SAMPLING RATE > 10000 HEAS/SEC IPCSITIVFl 

> ITCOO MtAS/StC INFGATIvEI 

CATA OUTPUT 3»l rFCAOFS lACD COOL PARALLFLI 

0-1260 Put St S I SCBI ALl 

Q55055 camera, CiNf CN063 Mill 

Q5S055 

Q5S055 PtOVIOl photographic RfCrBO OF TFlFSCORf F ItL O-OF - VI f 4, 

035059 

059055 film FORMAT 35 MM 

055055 OPtRAllON 

055055 r*AME RATE 16 FPS 

055055 FILM TYPE COLOP 

055055 resolution 50i|N(S/hm 

095055 LENS 100 «** 

055055 FIELD Of VIEW *0 DFGRfFS 


059055 film FORMAT 35 MM 

055055 OPtRAllON 

055055 r*AME RATE 16 FPS 

055055 FILM TYPE COLOP 

055055 resolution 50i|N(S/hm 

095055 LENS 100 «** 

055055 FIELD OF VIFW *0 DFGRfFS 

055055 

J A PAURER INC *317-11 34500 111 

POOFS •. 1*, 12. 64 FPS ELEC* CCNT 

SHUTTER HOTafv 

Shutter speeds 1 / 62.5 tq i /roo sec 

FILM 16 HM magazine 

FILM CAPAACTIV 1*0 FT Th|N BASF 

LINS 25 MM, F/1.4 

RfSOLUTION 216 I /hn on AAtS, |5Q L/MP AVG 

2 A MAURER INC R3CB 315 - <0,000 511 

FILM * * 16 INI 01URLF OR SfRCLF PfPFCR- 
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Plan on APOILQ 

MMta OPTICAL AHTIUMA SfAVO ILICTAOMICS 

4M0tl 

4 M 00 I lUPPOfet ILKTAONICI pop optical AliTfUMA 


CNOAA 11114 


•IMIO ilHPTIMD MClIVfP AND OiMOOULATOi C»tCiT 41 1 U 

AlfOlO 

4IM10 PKilVl SIQNALI PtOP TIPIfSTIJAl Milt AND TEPPCSTIUL tNTIPPfA- 
• IIOIO tICI lOUPCCf 41 4 PUNCTICN OP TIMI OP 04V 4N0 SC4SCN Of Tf4P. 
AliOlO 

AilOlO PPIOOINCV PANAI 100 TO 1000 •mZ |tiA€P «C0C OP 

AliOlO Tl#44fLC 

ilPOlO AlCIlVfP TVPI ^*JPf •HfTfPOOVNP. LlNC4l« SMfPT 

Ali^lO PPEQUENCT« 4AC 

AllilQ IINSITIVITV -120 DAP 

AltOlO Pii-OPTICTION An 4njuST4ALE 

AlAAIO 0TN4P1C AAN6I 40 01 I NST4NT4NI0LS 

AIAOIO 120 0§ T0T4L 

AIIOlO SmiP PATf TnO PfCEtVlP Aw PEP P|4tT( 

AIAOIO AfCfiVlP NOIlf P4CT0 DA 

AIAOIO CAAOMIOTH 1 «hZ 

AIAOIO 

IINAIA t-WP-JT/fT *12 ■•00 m 

4 PAQCAAPNAALe PPACISTON MTfP *0P «E4Sl^fNlNT C* CCNOuCTtO 
QA AAOlATIVl AP 1NTCAPIAINCI* PfLTS MfL-StO-441 /A24. 


PAIOOINCV AANOttlOTl- 10n**Z TO IDhZ 

OVNAMIC AMAI 1400A I O.lMICAQvQi T-l VCLTI 

PtOOA4*tMAALl PUNCTIONS.... I4N0 SllfCTI0N» PA|QtENCV 

OfTECTOA PUNCICK IPf4K 
TOPS* PE4« lOOPSi PiAK 19fC« 
OuASI-PEAm 4N0 PttLO INTENSITVI 
I AANDW1DT*« SELECrtCN. CCPtlN- 
UCCt IP G4INI PP A*TF4U4T0A. 

2TA000 ATTINUATOP CAtlAAAVOA C*i04l 4|1U 

IT4000 

fPAOOO OTNAMIC AA»*AE AOJUSTHIN^. A|NCTP ElECTPICAL CCNTPQL. digital AfAQ 
ITAOOO QI>T OP VALUE. MANUAL QV|P«P|OF. 

ITaoOO 

ITAOOO IPPIOANCI 90 ChMG 

IT4000 PAIOUENCT DC TO l.f NhZ 

ITAOOO 3 tc 40 DA 

ITAOOO 

1041A0 SCAN P40CPAM CINEA4TQA CNQ44 III It 

I041A0 

1041A0 CtNiPA^fS DIGITAL CONTAQL SIGNALS re CCNTAOl PECPIvE* S4|f0. 
104140 SUPPLIES digital A|400UT OP PAEOUiNCV AND LEVEL. 

104SA0 

104140 AANCS 24 

t04|40 SCAN TIPI 3.01 TC SCO SECONDS 

104140 CAPAAILITV analog DATA COLLECT t 01SP*.AV 


104140 I 

104140 S 

104140 C 
104140 

ilNOIA 


SELECTS ant AfCElVEi CONAINAT|aN 
ANO POLLO«INO PICEIVEA PUNCTS.. AAN0II4 AANOSI I AANQ SEGMENT ( 

•ANOmIOTmINAAACN. PfOlUP. HtOil 
t OETBCTOA mode If MOOfSIl SCAN 
TIME IVAAIA4LE .01 VC 100 SECI. 

lANOS scanned 1 TO 14 IN ANT CCNOINATfCN 

OUTPUT DATA CMANNiLl... ..«■•••.. *-AMPL 1 TUDf .PAP Quf NCT ANO LOG 

VIDEO 

IIATOO signal POAnaTTH CnQTO 21111 

IIATQO 

llt^OO PAOVIOES data PQANATTINO. accumulates PAI/POST AMSLf. CLOCKS 

tlATOO ITAAT dp each TfST AND DATA AC0utSIT|ON. 

tlPTOO 

lifTOO data POPMAT •» 14. Sit 91TI/NCAD 

IlfTOO data AATE IISOOO HOMOS »|P SECOND 

IIOTOO 

TECTPQNU INC 440021 HI 

ettPLAV Mt'OlUM .•..,.••••• 11 IN DIA CPT 

CIS4LAT AAfA 9. 1IN.**0A. KA. I IN. VfPT. 

ALPMANUMfAIC MODI I 

POAMAT 14LINIS r*P IS NOlHAl C*«A4ACT, 

CHAAACTfft SET 94 UPPf« t tOHfA CASE 

CxAIAC^I* SHE TCASC^llSICAN PE ThICI SWf» 

CHAAACtia GINEAATION ... Tl4 DO^ -A Til a 

CU4SCP Til HATI1I 

GAAPMIC MOOES llNfAA fNTfAAaLATE.iNCAIafNTAL 

Plot, point plot ,io24AIO|4 ao- 
0AI!SA4lI points. 10241TAI vIEh- 
AlLf POINTS 

GA1P*«IC input «00I ••••• 10|4( II .TAll VI .jOTSTfCA CCNTiCLLfO. 
CAOSSHAIA CUISOA 

ACCUiMJLATOAS 4 

CVClf T|H| SCO NANOSfC 

COM he«cay 12 ■ 


GAAPhIC input « 00 I •• 

ACCU^MJLATOAS 

even T|H| 

COAf -E*CAV 


40IS00 AP VAlIAlLf POHfA SUPPLT 
40AS00 

ADIlOO PAOVlOli S0U4CI OP VAAIAfLI PChEA. 

.OltOO 

40SSOO OUTPUT ICC V P«AA 

AOfSOO voltage gain 20 A 

401100 OISTOATIOn 0.1 I ThD 

4O0SOO PAIQUINCV N4NGI DC TO 10 «hZ 

401100 


CNOTl 21111 
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JC*«I PLOH2 KfO CO <Ht #4|T0* U195 111 

Ptoc CQCIMC PCD IMkiaav avati*BlFi 

ournuf voivs 0 fo ♦/> 100 volis nc/»i4i> ac 

CUfPVT C»MI«fHT O.S AMPS 

PafOUClKV AMICE OC TO SO «MZ 

•ESOLUTION 1 MV 

AESOLUTION 0.0011 


40TOOO PCtfEB CALienSTION IMIT CAO 2 

AOTOOO 

A07COO PAOViOES KNOWN iNCAEMfNTALlV CONTPOLLAALE •OKEK LEVEL ECA 
407000 STANOASOlfAT ION. 

40T0C0 

A07COO OUtKUT *100 TO «100 V 

407000 LOAD REGULATION 1 MV * 0.01 « 

407000 Line regulation IC MV * C.01 I 

407000 

JCmN fluke MFG CO INC R4|2/CA llR9i 

FROG COOING ACO (MNAeT AVA|L4*ILEI 

OUTPUT VOLTS U TO *7- | oo VOLTS OC/pEAV 

CUTPUT CURRENT 0.5 ANP$ 

fK>=wUENCT range OC TG )0 Krt/ 

Fe:ZlUTION I **V 

PESQLUriOFt 0.0011 


2lUi 


n I 

AC 


JOHN FLUKE MFG CO INC «S32R A244S 111 

CUTPUT voltage 0 TO llll.lllO VOC 

CuTPuT CURRENT SO HA 

PFGULATIQn * 0.Q0C2A 

620002 IRAC»L« ELcCTPONiCS - F !»^E CNOM 2111* 

621^002 

A20002 PROVIDES ACCURATE TRACKING OF AN CPTICAi BEACCN. PMOVIDfS ClNTJOi 

P20002 signals to tme telescure cimrals and vernier beam oeflectcs. 
62000? 

62000? rvpf IMAGE OISSECTOe TRACKER 

620002 Env )00 mICRORAO 

420002 ACCURACY 0.5 MICROAAO 

620 002 SENSITIVITY TO '.06 silCRONS OR 10.6 '*IC«CNS 

420002 

ttO'uO BIT ERROR COUNTER CN0T4 lllll 

1 10300 

110109 CCUNf ERROR PULSES OUTPuTEO AV TmE AIT fRROR OETECTC* IL OETFR- 
1191C0 NINC The bit error RATc Qf ThE DIGITAL TRANSMISSICN SySTE**. 

110100 

FEWLETT PACKARD RElTei »1150 111 


403003 SWITCM/OIPlEk/PRCAMP UNIT CNOTT 11134 

603003 

6CI003 FfB SmITChING ANTENNAS ff]* GIFfERENT ALUTUOF'. uSF r»T -M 
603003 CANCELLATION. FOBMING 0*6.1 PATTERN E T( 

40J003 

219900 PCOEM CK07R 1111* 

219900 

219900 MCOUlATE and DEMODULATE VOICE OR DATA TRANSMISSIONS 6ITF> OR • 1 1 h- 
219900 OjT spread SPECTRUM (RPAAILITY. PPOVIOES AASELTNE CCMMONI CRTICN 
2199C0 SVSTEM. ANALOG OR OIGITAt VOICE. ANC DIGITAL DATA. 

219900 

219909 DATA * T5 BS TO 50 S (VARIABLFI 

219909 NOvEAAlE SS 

219909 AANOWlOTn 2 mm/ 

219900 

219900 OEMOOULAtOR CN0>9 3|lll 

219900 

219900 CEMnOUlATE VOICE 0* OATa TRANSMISSIONS 6l Th 0* rIThOUT SPREAD 
219900 SPECTRUM capability. PROVIOtS A NUMBER QF RFCEIVEPS CCNKEdED TO 
219900 DIFFEREGT ANTENNAS. 

219900 

219900 MC9EM, vIOE »anO CN0H9 21215 

219900 

219900 MCOULATE AND OEMODULATc WtOEBANO FM (P DIGITAL SIGNALS. hIDERAND 
219900 F«* detector vITm ThP«SK1L0 IkTENSION. DIGITAL OE "OD 6|Th BIT, 
219900 SYNCH, AND ERRO® CORRECTION COOING. MUCUiATOR PORTION HAS CCpFLI- 
219900 MENTARf character 1ST ICS. 

21990' 

103509 C/A ANO A/C CONVERTER CNORI .1111 

103500 

103500 PROVIDES FOR A/0 AND C/A lONVERSION. 

103500 

103500 A/0 CCriVERT ER 

101500 SAMPLING RATES 15 MEGA SAmplE S/SEC 

103509 data RATES 105 MRS 

101500 0/A CONVERTER 

103500 6AN06l0r»- 6 mm/ 

101500 

TENNELEC PTC 500 $6099 111 

CCNVfRSION time BMlfPO SfC 

capacity... 204P CmAIMElS 

CONE lOURATICN.... compatible hI Tm A| R 


TENNELEC «TC 520 $T59 111 

CFANNELS P 

Channel Dwell time soonsec 

CONFIOUPAT ION.. NIM compatible 


603004 CCNTROl I^IT - ANTENNA SCAN CN0B2 11114 

60300A 


C-119 
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«0I00« PVOVIDCS VMlA»Li AKGULAK SallA aATrtBMS tf C TAtiCut A« 

*01004 SCANSf fTC.l Of VAHUtLl fHCULff C0V(«A0€. 

*01004 

lOlltO DATA OtT ST*EA«* GENEKATOa i CKCn i 

lOIIIO 

101130 MQVIOBI TEST 0IT &1A1AI«S E04 TtAAIPHSlON. 

lomo 

lOlllO data AATII I TQ 109 MBS 

lOlllO 

■ISIAACh INC 4I12-4A BEABO 

ANALOG INAUT TO »10.21S ¥ 

INAUT INPVOANCE 100 MEG Qmm 

1N4UT OVEAVCLTACE PRCTECTION •«. 100 V 

BULL SCALE ACCOM ACV ♦ /- 0.02 9 « 

MESOLUTtON 12 BITS BtNAAv 

CCNV|*S10N SMIiC 9 tH2 

LOGIC LEVELS 9 */« 1.9 V (LOGIC II 

0 * .4« - .0 V (LOGIC 01 


*20001 COAMSE TMACAIM CN 0 B 4 UU 4 

*10001 

*20001 MBOVIOES initial CaOUND BEACON ACCbISITION ANO COAMSE TBaCkING. 
*20001 

*2000 9 DYNAMIC (SEAMCHI FCV I DEC 9 T 1 OCG 

*20001 ACCU*ACV (1 SIGMA I * /- 200 MICAQMAO 

*10001 Ti aching OANOmIOTh 1 h 7 

*20001 SEAMCH TIME ,c . 10 SEC mai 

*20001 sensitivity TC .91 m|C*ONS 

*20001 MALSI taMGET hIjECTION ....... MUST AUECT mcon. planets. 

410001 STAIS* and sunlit clouds. 

*20001 

*01002 LAlfM TMANSmiTTEM ELtCTBaNlCS CN0B9 11211 

*01302 

*01002 CATA FCMMATTINU mom TAANtMllsiON VIA LASE* CAAMIEM 
601002 

219 TOO optical collimatom CH 09* mil 

221 TOO 

229T00 PAOViOP* BO* OPTICAL ALtGNaPNT QF THE LASE* AND TELESCCPE. ALICN- 
2I1T00 MINT CH|C«S TO BE BOTm CONTINUOUS AND PULSED. 

221TOO 

TiOBEL P2A0 A2440 111 

SPECTMAL mange... TO I.IO MICMCNS 

CBTICAL TMAN$mI$S 10N 92 PEP CENT 

THCBEL *290 11390 221 

IPICTMAL 10.4 M1CM0N1 


CN0I9 11211 




W 




40T000 LAlfM PCUEM SUPPLY CNOBT 21111 

AOTOOO 

40TOOO CCNVfMTS ANO M*GULATES *41 SPACECMAPT POmEM IN A PASmICN SUITABLE 
AOTOOO PC* PU«PTNG A LASEM. PP IMF LASfP P3 mE* CONOlTIONf* ANO OISTMIBU- 
40TGO0 TtON POA all LASEMS. 

AOTOOO 

AOTOOO PECULATION */* 0.1 1 

4OTO00 PONIP ICC MATTS XAI 

40T000 TMANStINT MECOViMv O.l SECONOS 

40TQCC 

229TOO beam IIPANOBA OPTICS CNOBB ^1111 

221'' 00 

2J9T00 ••OVIOIS VARIABLE OEAM 01v€>3ENCE CONTMOL FO* LASFP TPAASMITTFM 
2I9T0O ANO The OPTiTAL MEACON TO FACILITATE ACOUl tl TION. 

229T00 

229T00 TtPE AFOCAL mITm VAPIABlE element 

I29T00 SEPAPA^rON. 

229T00 INPUT BEAM |1M 0.29 INCH DIA 

229TOO EXIT BEAM SIZE I INCH OU 

I29TOO INPUT BEAM CHAM AC TEA I STIC 1 

2I9TOO LASfM riANSMlTTle TEm nAVE* CAL5S1AN 01 ST 

221TOO optical beacon 9 M«AO OlVEMGENCE. GAUSSIAN 

221TOO out 

229TOO 0UT*UT beam OIVEAGFNCE 

229TO0 C:2 LASIA TAANSMITTEP OIFF LIMIT TO 200 AMC-SIC 

221T00 NOlYAC LASEM TMANSMlTTfi .. OIFF lI«!T TQ 9q aMC-SEC 

JtfTOO optical beacon 2 APC-MIN TO 1 OEGPEE 

229T00 adjustment MfSPONSE *IMF ..... Q,1 SEC MAI 
ItfTOO 

2I9TOO HAM OEFLfCTOi CN0B9 *1111 

2I9TOO 

22ITOO ONE type PMOvlOfS A VCPNIEM POINTING CONTMOL m|I*» FASTfP MfSPONSE 
I2IT00 ANO GMEATEM PAfCISION T*aN Th| maJN 0*TtCS G1M*ALS. TmF QTmM 
I2IT00 TYPf PMQVlOiS A small OFFSET POINTING CAPABILITY BETaEEN Th| 
l2tT00 TAACKIM Alls ANO Tm| TAANSMITTEP AllS. 

2IBT00 

221100 OEBLICTION capability TvO Allf « 

22ITOO DEPlBCTION PANGE «/• 200 NICMCWAO 

2lfT00 PiBCtSIQN C.2 micpOMAO 

22fT00 S*ICTMAL mange ACCUMOOAfE LASM TAANSMirTEM. 

ItfTQO MlCflVlP ANO BEACON. 

221T0C 

409400 LASfM POafM HfTEi C *0*0 Itlll 

401400 

409400 MIASUPF output L4liM PGvEP. 

401400 

409400 a4vlLlNGTH 0.91. 1.04 ANO 10.4 MldCNl 

409400 ACCUPACY. •/- 1 PfMCfNT 

*00400 M4NCf ICO NM 
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4014 00 

M*0«CN «g<« tioio m 

4AVElf4CT»- TC n MICIOXS 

4CCU44CT ♦/- 5 C£«IT 

TV#E CONE 

Ml »0Wfll * 5j 

SENSITIVITt 410 MU V/J 

■ISE Tim 1 SFC 

OPTICS TECHMXOCV ■611 *445 111 

**OUMT MfMCH 

SPECTlAi. RANGE 400 TO 1150NM 

CVNAMIC lANGE A QANCeS Ml Th fCLt 5CAIE 

READINGS Of 3. 2 . I t T , | 0« TO. 1 00 * 
TOO ANn ICOO RliltaATTl 
ACCJRACT ./>5t 

VELLfk SPRINGS IN'iTRUMENT »»^4 < JOl 111 

■ ANGF.*.«« 0 TP OPH 

CPEBATING TfMPF'ATUBl TC lllf *-c TO 45CI 

PATTF8T nPtPATfG 

mOOG CAIMWATION signal CCKFRATOR CN091 IIMI 

laiooo 

141000 CAlIHRATfS RECEIVER SENSITIVITY AND pmASF <«FTFB. 

141000 

ItlOUO ERfGUENCv BANGE IS^c, t5 TO 15^0.25 -F-/ 

ItlOOO FREQUENCY ACCURACY • /- 5 “W 

IIIOOO FREQUENCY STASILITy U.C05 K/3F0PEE C 

lilOOO BF OUTPUT POmEB 1C TB TJ -1?^ CB 

IBIOOO 

BMOOE ANT SCHWARZ aSMAl 1 1 00. 4S<»4 . 02 1 %04»S 

fbequency bange C.5 > i.A r.M7 lu 

EBEQufNCV cBBOR C.‘t 

OUTPUT level *1C DBM TO >130 OB- 

LCGIMETRICS INC BP‘^R SPEC *'C03 ll- 

E4CQUENCV 1500 TO ?000 

RESOLUTION . HZ 3R : >HZ ICPTIONAII 

RF OUTPUT 4lC CAM ILEVELI 

I DA 1 LEVf 1 INGI 

SRURIOUS OUTPUTS 25 DA AElOv CAPPIfR IhARMCNICSI 

AO Oe AELOa CA4B1E4 INCN-nAAI 

hENLEYT PACRA40 BAMAA *7170 III 

EREOUENCV range ACC TO 7*00 tMZ 

CUTPUT POmEP *10 CAM TO -I7T OAM |KTC 50-0*» 

FAEOUENCV accuracy * /• 5 MHZ 

FREQUENCY STABILITY 0.005 t/OEG C 

< 0.003 t FOR <"/- 10 * LINE 
VULtAGf VARIATICN 

n 

0041A1 OPEN R.F. AHPL|f|Cfi f.a.T CN057 5llll 

0041AA 

411040 BECEIVlP - NAVAGATICN C*04* HI 11 

i:*«40 

AIA04C RECEIVE SIGNALS FROM CIPECT OPTlCAC SENSING OF STARS TO IKVESTI- 
41A040 G3TE the PRECISION MITH NMICH A SATFlLlTF CAN BE PCInTFP VFPTIC' 
41A040 ALLY USING STARS AS T»-C SOLE INERTIAL BEFfRfNCE. 

4IA040 

41A040 CABBIEP EREOUENCV 4CC M^f 

41A040 sensitivity 7.0 MV FOR 10 0* S*N/A 

41S0N0 DATA RATE 7000 APS 

41A040 

RQhOE ANO SCMwAPZ «E SU ( 100.1 |VS. C7I ATgRU 111 

AOOrPLUC IN>4 «6COO 111 

FRIOUENCY RANCc 160 - 4Tc MHZ 

INPUT vet T AGE I HICBOVOLT TO 1 VOiT 

i^>^::<^>QI5E flOUPE <12 DA 

' =f; CUTPUT 7BiT. 7KAF, PECOROER 

174500 spectrum ANALYZEP/nSCIttCSCOPE CN400 21111 

1 74500 

1 74500 SINGLE DESIGN FUNCTIONS AS POMiR SPECTRAL DENSITY ANO NAvEECPM 
1 74500 CISPLAY fOR OUlCRlCXlB AND AS mqdulATION MONITOR. 

174 50 0 

1745 00 RANOmIOTh IR GhZ 

174500 sensitivity 7 MV/OlVlSION 

1745C0 CHANNELS 7 

174500 photographic CAPAAILITV YES 

I 74500 

TEbTRONU iNC ■R7a|T/T«76 PLUG-IN •IG150 111 

/HIT Plur.«|N 

FPEOUfNCY RANGE 10 Rh7 TO I.A GhZ 

FAEOUENCV SPAN 2CC Hi /O | V fO i 00 mhZ / 0|v 

resolution 10 M/ TO I MMZ 

TfRTACNII RR556 *«200 111 

prnonioth r>c Tr > 50 «n/ 

RISETIME < 7 NSEC 

type nuAL . bfam 

TERTPCNIl INC RS441 *4445 117 

FREQUENCY RANCf 1C Nh| TO 4C GHZ 

€ALI§RAT(0 OISPCRSION 1 RH//OIV TO 10 HHZ/OIV 

RESOLUTION AANOlilOTP I RHZ TO ICO RH/ 

INCIOENTRL FM OOO HZ AT FlMIAMENTAi 
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01CM4C C3»* 112000 

iifiKSlY «0«*IC3«f If k»4*iCA«L€ to 

12«Ttl «0«OS 

»0*0 12 1!T 

CTCcf 1.^ xiCAOtfC. 

400i|SS «C^l"l'«Cl 1.14*24, Ot It tir LtVik 

Jvoril *.4$ ^ULL iAVOI I*lT|t^4Cr 

*<*40k«t| 


MIlOO Tjmt, Cl 3C« C**^02 im 

Mllto 

4«ilM PtOViDIS »tfCIIC Tl«| RMf4ftiC(. *'E*lC*l TI«t AT •►‘Alt i^AS 

««I|M OCCUAf. 

•••ICO .. . . 


4MK0 

4AISM 0II»IAV 24 |(T digital CiQC« AITm I mA 

AAIIOO MilOO 

4fl40e OllAlAT TVPr OlOITAt 

MilOO ACCuAACT ll-CA 

MilOO 

tIOAllfC •TCI4| fHO 

COciOlT AATf 20»Ml 

Tt"fAA|f 0.1 0« O.OllfC 

l*"t AS tlHC PACOuf*iCr 

CCSA|&OiAT|0K.«. *»l** COMATllLf 
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lOITQO CCMAUTf*. GlHEAAk PUAPCII CMOl 21111 

L 01 TOO 

tOITOO CCAAiJTfA CAPAililTV TC CC«HAhO iMPfUefSTS C»* AHO 0P». PACCtA* 
lOITOO lAlCUTlOk. Of lAffAIMlM fAnCfOuAAL tTffS* C3«fuTf GiPiAL 
lUTOO AAGLfI POP TELIICOPI A»iO AHTfMiA POtHTlNG* AHO COPPUTATICA CP 
lOITOO POlMt*APfAC AKGLIS* 
leiToo 

CATA fiENIAAl COAP •kCvA fOC 111 

itOPO Lfsr.TH U IIT 

CTCLE T |we POO NAi«aSfC. 

CO«C epMjiiv 12 a mar 


CATA CIHIAAL C3PP 
ePPO Lf^GTH 


eSuPIPHOvA sc 

lA PIT 




TIRTPONIR INC A1401A-4 AIT25 

PPEQUINCV PANCI 1 "Hf TO 100 *^2 

INT!A»0rwi4T IHN OIITCPTION ..... < AO 00 PUtL ICPfFN 


CATA CENPAAl COPP «N0VA 120C 

p0*0 length U PIT 

CVCLl TIM 1200 NANOSEC. 

CQPP ePMOPr llR •'Al. 


ClAiY OATACCMP SV$T|i«S INC 
tlNJlTANIOUl TEAMINAIS 

|NP<JT 

ACCjaULATQA 

MGlITfPS 

NOAO length 

P|"OAT capacity 


TfLf TTPFNRITM ifVlOAPO 
A4 IIT 

u AIT INOEI C2 lACHt 

U. It, 4f, A4 PITS 

lOtA lA AIT M0P01. AOAA lA IIT 

■OPOItOi AOOITICNAi AQii lA ilT 

eOACI. total Mill eOPOl 


GINIAAl AoTOMATION INC. aSPC-12 

P|«OtT AK TC :a« 

NOPO length i ||T| 
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1. SCOPE 


I 1-1 Scope * This document delineates the requirements for e3q>erlment equipments 
I wi:hln pressurized areas of the Spacelab. Requirements Include those that are manda- 
! tory for preservation of Spacelab-Shuttle safety margins and those necessary to achieve 
Intended operation of equipments. Meeting the requirements herein does not, however, 
assure the ability to operate within Spacelab in an arbitrary fashion since combined 
equipment support demands could exceed total Spacelab capability. Integrated operation 
must therefore be coordinated with Spacelab operations management for specific missions 
in order to establish mutual operating timelines and allocation of Spacelab resources. 

2. APPLICABLE DOCUMENTS 

2.1 Applicability . The following documents were used in the derivation of the 
requiremencs and are referenced herein by title or by number in the text margins as 
appropriate. Interpretations were made where conflicts in documents existed or data 


were 

un aval lab le. 



DOCUMENTS 


(1) 

ERNO Spacelab 

Preliminary Design Requirements Specifications, 
December 1973; Final Briefing, February 1974 

(2) 

MBB Spacelab 

Preliminary Design Requirements Specifications, 
December 1973 

(3) 

SL-E-0001 

Electromagnetic Compatibility Requirements, Systems for 
the Space Shuttle Program, June 4, 1973 

(4) 

SL-E-0002 

EMI Interference Characteristics, Requirements for 
Equipment for the Space Shuttle Program, June 4, 1973 

(5) 

SD 72-SH-0172 

Space Shuttle Orbiter Materials Control and Verification 
Plan, November 1972 

(6) 

NHB 3060.1 

Flammability, Odor and Off-Gassing, P^qulrements for 
Materials in Environments which Support Combustion, 
Novenber 1971 

(7) 

U719-10-2i)6 

Material Code Directory by Material Description 
- Nonmetals, December 15, 1973 and subsequent issues 

(8) 

U719-10-207 

Material Code Directory by Material Description 
- Metals, December 15, 1973 and subsequent issues 

(9) 

U719-10-208 

Material Selection Rating and Criteria Report 
- Metals, Deceiiber 15 , 1973 and subsequent issues 

(10) 

U719-10-209 

Material Selection Rating and Criteria Report 
- Nonmetals, December 15, 1973 and subsequent Issues 

(11) 

Federal Standard 
209A 

Clean Room and Work Station Requirements for Controlled 
Environments, CSA, August 10, 1966 



COOC IDCNT. MO. 0399 


MSC00720 


Solar-Powered Space Station Prcllmlnar 5 Design 

Draft, Interim Spacelab Reference Document, February 1974 

Request for Proposal for the Design and Development Contr 
(Phase C/D), Appendix 11, System Requirements. March 1. 1' 


No Number 


ESRO RFP 
AO/600 


(15) JSC 07700 
Volume XIV 


Space Shuttle System Payload Accommodations, Revision A 
July 1973 


3. REQUIREMENTS 


1-1 Spacelab Design Characteristics , The following Spacelab characteristics 
list: the basis for the experiment equipment requirements specified in paragraph 
and establish the maximum total Spacelab support available for combined experi- 
and Spacelab sut systems hardware* 


r.’.i.i. Phys liZct I Perspective . Figure 1 provides the general Spacelab configuration 
and !i»fiaes the axes coordinate system used to interpret applicable specifications 
herein. The Spacelab consists of pressurized module and unpressurized pallet elements 
flcwn together or independently, depending upon the mission. Size of the Spacelab 
elements may vary, depending upon the nature of the mission. The pressurized module 
consists of a support section containing Spacelab subsystems as well as accommodations 
for experiment equipment, plus an experiment section that can be configured in various 
lengths to accommodate additional experiment equipments. This specification does not 
cover pallet-mounted equipment requirements. Pallet equipment, however, shares avail- 
able power and data handling support with pressurized module equipments. 


3* 1*1* 2 Experimenter Support Characteristics . The support resources available to 
cumbLned experimenter payloads follow. 


3,1. 1.2.1 Equipment Physical Accomnodatlons . Approximately 500 ft^ (14 m^) is 
available above the floor in the short Spacelab, and approximately 800 ft^ (~22 m^ 
available in the larger Spacelab for rack/bench/shelf-mounted experiment equipments 
Refer to Figure 1 for example equipment locations. In addition, equipment may be 
attached to the underside of floor panels at up to 35 Ib/ft^ (172 kg/m^) loading. 


3. 1.1. 2. 1.1.1 Compo 
with screws through t’ne 
ing of rack cooling air with cabin air 
rigid-mate support fixtures are available 


t Mounting . Components are normally fastened to their rack 
ont-mount surface. Equipment front panels will prevent mix 
, minor leakage excepted. Guide rails with 
for long/heavy items. 


3. 1. 1. 2. 1. 1 . 2 Standard Rack Module Size. Maximum component size (less mounting 
surface) is 17-1/2 in. wide x 30 in. deep x height (0.44 m v 0.76 m x height). 
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FIGURE 1. SPACELAB IN ORBITER ILLUSTRATING POTENTIAL 
GENERAL EXPERIMENTER OCCUPANCY REGIONS AND 
AXES COORDINATE SYSTEM 
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3.1.1.2.1.2 EquipaeDt Stwagc BoaBEs * Standard stovage containers that meet required 
safety and crew habitability requlreaents will be available to stow equipments » as 
required^ In standard 19-ln. rack widths. Stowage may be at various Spacelab locations. 
(Astern boxes up to 39.3 In. (1 m) In width may be utilized. Containers may be packed 

by experimenters and direct-loaded onto Spacelab provided that a certification is com- 
pleted which states the absence of flamabllity/exploslon/corroslve/toxlclty hazards 
and/or appropriate hazard isolation and cleaning procedures have been Implemented. 

Fitted foam materials meeting flammability, off-gas£ing and contamination requirements 
may be used as separators and environment Isolators '^'Ithln the stowage boxes. 

3. 1.1. 2. 2 Electrical Power . Total power available to experiment equipments cannot 
exceed 4 kW continuous, or 9 kW peak for 15 minutes every 3 hours. Greater demands 
require special primary power sources to be added. The power forms available to exper- 
imenter equipments are provided below. 

Basic 

• 24 tr 32 vdc, 1 v P-P ripple: Orbiter 28 vdc plus booster battery and 

limiter to eliminate transients 

. 115/200 vac + 5X, 400 Hz + 1 Hz: Spacelab dc-ac converters, 3-phase 

Y-connected, 5Z harmonics, 20% maximum 
phase-to-phase load unbalance usable as 
single phase 

. 115 vac + 5%, 60 Hz + 1 Hz, 5Z harmonics: Spacelab dc-ac converters, 

single phase 

. 220 vac + 5Z, 50 Hz, + 1 Hz, 5Z harmonics: Spacelab dc-ac converters, 

single phase 

. 28 vdc + 2Z, 50 mv rms ripple: Spacelab dc-dc converters 

Maxlinuiii continuous power from each secondary power source can be adjusted by adding 
convfc: rters. 

3. 1.1. 2. 2.1 Emergency Battery . An emergency battery is available to power only 
critical Spacelab subsystems and the caution and warning network. 

3- 1.1. 2. 2. 2 Power Control and User Access . Power panels are conveniently located 
with circuit breakers and switchable to protect the power sources and to provide for 
emergency disconnect. 

3. 1.1. 2. 2. 3 Launch. Reentry and Landing Power . Experimenter equipment will normally 
be OFF during launch, reentry and landing. A total of 1 kW continuous, 1.5 kW peak, 
will be available for Spacelab subsystems and experimenters with critical power needs 
during these phases of operation. 

3. 1. 1.2. 2.4 Ground Checkout Operation . Integration and ground test operations in 
the Spacelab are supported by a GSE Orbiter power source simulator that provides power 
to on-orbit operation specifications. 

3. 1,1.2. 3 Data Management and Control Functiofis . A dedicated data management and 
control subsystem is provided by bpaceiao tor experimenter use. Provisions are made 
for Input and control, tape storage, display, playback and transmit. 
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Sensors accepted 
Discrete signals accepted 
Conblned sensor data rates 
Wideband analog Inputs 
Digital data storage 
Analog data storage 
Computer memory 


Up to 512 digital or converter analog signals 

Up to 512 binary-level signals 

Up to 30 Mbps digital 

5 channels c£ 6 MHz bandwldths each 

4 x lOlO bits/reel at up to 30 Mbps 

30 minutes /reel dc to 6 MHz 

32K or 64K 16-bit words 


3elels2*3«2 Data Syaterr- Experimenter Interface . Current concepts provide standard 
remote acquisition and control units (RAU’s) for direct connection of individual sensor 
for analog-to-dlg±tal conversion and nultiplexing/data formatting to a compatible data 
buB. Up to 8 RAU's, each accepting up to 64 analog and 64 discrete inputs, are avail- 
able. Command and control are routed through the RAU's. 


3.1.1.2.3.3 Ground Com 
via the Shuttle subsystems 

Downlink 


ications . Downlink data transmission is normally handled 
The following total basic capability is provided. 


PCM Digital 

25 kbps through TDRS/STDN 

256 kbps through STDN 

50 Mbps through TDRS (KU-Band) 

Analog 

TV (color) through STDN or TDRS (KU-Band) 

Combined data (6 MHz bandwidth) through TDRS (KU-Band) 
(Alternate to TV through TDRS (KU-Band)] 

Voice 

2 channels, one dedicated to payload, through STDN or TDRS/STDN 


Voice 

2 channels, one dedicated to payload, through STDN or TDRS/STDN 
Comnand 

2 kbps through STDN or TDRS/STDN 
TBD digital and analog data through TDRS (KU-Band) 


3.1. 1.2.3.^ Ground Checkout Operation in Spacelab. On-orbit operation is simulated 


3. 1.1.3 Spacelab Internal Environments 


3. 1.1. 3.1 Normal Atmosphere . Atmospheric pressure throughout a mission, from launch 
to landing, is maintained in the range of 14.7 + 0.25 psla. 


3. 1.1. 3. 1.1 Atmospheric Composition . Launch-to-landing atuospheric composition is 
nominally equivalent to sea-level air (21 parts oxygen to 79 parts nitrogen, 760 ^ 

13 ramHg), with maximum carbon dioxide of 7.6 mnHg partial pressure. Other elements as 
listed below (due to materials off-gassing, etc.) can be expected. Ground integration 
operations utilize ambient earth atmosphere conditioned to be compatible with 
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operational requirements (moisture, particles, etc.) 
12 meters per minute. 


Nominal air movement is 5 to 


3. 1.1. 3. 1.2 Humidity . Maximum operational relative humidity will be 70 percent 
with the temperature of all points of the Spacelab interior above the dew point. 
Ground storage of Spacelab permits relative humidities of between 20 and 90 percent 


3. 1. 1. 3. 1. 3. 1 Particles . The Spacelab environment will be m-.lntained at a Class 
.00,000 environment per Federal Standard 209A up to launch. Subsequent to launch, 
Spacelab filtration removes particles larger than 5 microns. 


3. 1. 1.3. 1.3. 2 Chemicals . The follcK«/ing contaminants may be present (but not worst 
effect additive) up to the indicated maximum concentrations in milligrams per cubic 
meter in flight or ground operations. 


ACETONE 
ACETALDEHYDE 
ACETIC ACID 
ACEP/LENC 
ACETONlT^vlLL 
A C RO lE 1 N 
ACLYL ALCOHOL 
AMMONIA 

ACETATE 
.\MYL ALCOHOL 
BENZENE 
N-HUTANE 
ISO-BUTAN’i: 

BUTENE- 1 
CLS-HUTENE-2 
TKANS- BUTENE-2 
1,3 BUTADIENE 
ISO-BUTYLENE 
N- BUTYL- ALCOHOL 
I SO-BUITL- ALCOHOL 
SEC-BUTYL- ALCOHOL 
TERT-BUTYL-ALCOHOL 
BUTYL ACETATE 
BUTRiUDEHYDES 
BUTYRIC ACID 
CARBON DISULFIDE 
CARBON MONOXIDE 
CARBON TETRACHLORIDE 
CARBONYL SULFIDE 
CHLORINE 
CHLOROACETONE 
CHLOROBENZENE 
CHLOROFLUORME THANE 
CHLOROFORM 
CHLOROPROPANE 
CAP RY Lie ACID 


CUMENE 

CYCLOHEXANE 

CYCLOHEXENE 

CYCLOHEXANOL 

CYCLOPENTANE 

CYCLOPROPANE 

CYAN AMIDE 

DECALIN 

1.1 DIMETHYL CYCLOHEXANE 
TRANS 1,2 DIMENTHYL CYCLOHEX 

2.2 DIMETHYL BUTANE 
DIMETHYL SULFIDE 

1,1 DICHLORO ETHANE 
DI-ISO-BUTYL KETANE 
1,4 DIOXANE 
DIMENTHYL FURAN 
DIMETHYL HYDRAZINE 
ETHANE 

ETHYL ALCOHOL 

ETHYL ACETYLENE 

ETHYL BENZENE 

ETHYLENE DICHLORIDE 

ETHYL ETHER 

ETHYL BUTYL ETHER 

ETHYL FORMATE 

ETHYLENE 

ETHYLENE GLYCOL 

TRANS 1, METHYL 3 ETHYL C 

ETHYL SULFIDE 

ETHYL MERCAPTAN 

FREON 11 

FREON 12 

FREON 22 

FREON 23 

FREON 113 

FRE(X^ 114 


NUMBER 
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FREON 114 (UNSYM) 

700 

PROPYLENE 

180 


FREON 125 

25 

ISO-PENTANE 

295 


FORMALDEHYDE 

0.6 

N-PENTANE 

395 


FURAN 

3 

PENTENE-1 

180 

J; 

FURFURAL 

2 

PENTENE-2 

180 

'i 

} 

HYDROGEN 

215 

PROPANE 

180 

} 

HYDROGEN (31L0RIDE 

0.15 

N-PROPYL ACETATE 

84 

1 

HYDROGEN FLUORIDE 

0.08 

N-PROPYL ALCOHOL 

75 

1 

HYDROGEN SULFIDE 

1.5 

ISO-PROPYL ALCOHOL 

98 

1 

HEPTANE 9 

200 

N-PROPYL BENZENE 

44 

f 

HEXENE-1 

180 

ISO-PROPYL CHLORIDE 

260 

y 

i 

N-HEXANE 

180 

ISO-PROPYL ETHER 

120 

\ 

HEXAMETHYLCYCLO-THRISILOKEXANE 

240 

PROPRION ALDEHYDE 

30 

1 

INDOLE 

126 

PROPIONIC ACID 

15 

J 

ISOPRENE 

140 

PROPYL MERCAPTAN 

82 

1 

METHYLENE CHLORIDE 

21 

PROPYLENE ALDEHYDE 

10 

/ 

METHYL-ACETATE 

61 

PYRUVIC ACID 

0.9 


METHYL-BUTENE 

1430 

PHENOL 

1.9 


METHYL FURAN 

3 

SKATOL 

141 

f 

METHYL ETHYL KETONE 

59 

SULFUR DIOXIDE 

0.8 

METHYL ISOBUTYL KETONE 

41 

STYRENE 

42 


METHYL ISOPROPL KETONE 

70 

TETRACHLOROETHYLENE 

67 1 

METHYL CYCLO HEXANE 

200 

TETRAFLUORETHYLENE 

205 i 

METHYL ACETYLENE 

165 

TETRAHYDROFURANE 

59 

METHYL ALCOHOL 

26 

TOLUENE 

75 

3-METHYL PENTANE 

295 

TRICHLOROETHYLENE 


METHYL METHACRYLATE 

41 

1,2,4 TRI METHYL BENZENE 

49 i 

METHANE 

1720 

1.1.3 TRI METHYL CYCLOHEX 

140 1 

MONO METHYL HYDRAZINE 

0.035 

VALERALDEHYDE 

70 1 

METHYL .MERCAPTAN 

2 

VALERIC ACID 

110 I 

NAPTHALENE 

5.0 

VINYL CHLORIDE 

130 j 

NITRIC OXIDE 

32 

VINYL METHYL ETHER 

60 

NITROGEN TETKOXIDE 

1.8 

VINYLDENE CHLORIDE 

20 ' 

NITROGEN DIOXIDE 

0.9 

0-XYLENE 

44 

NITROUS OXIDE 

47 

M-XYLENE 

44 i 

OCTANE 

235 

P-XYLENE 

44 


3.1.1. 3, 1.4 Emergency Conditions Atmosphere . The Spacelab can be depressurized In 
space to near vacuum within TBD minutes if necessary to combat fire, smoke, and toxics. 
Experiment equipments are not required to operate after a depressurization. 

3. 1.1. 3. 2 S pacelab Internal Temperatures . The following temperatures can occur 
Inside the Spacelab: 

. Air Temperature: Adjustable 65 F to 85 F + 2 F (19 C to 26 C + 1 C) 

. Wall Tamparatura : 30 F (3 C) to 118 F (48 C) 

. Ground Storage or Nonoperating: 40 F to 130 F (4 C to 55 C) 

Exposed equipment surfaces shall have touch temperatures of less than 115 F (46 C) . 

3. 1.1. 3. 2.1 Equipment Cooling . Coldplates and forced-air cooling provided by stand-; 
ard Spacelab facllitlaa with the following controlled characteristics can be assumed 
(with aquipmant operating or nonoperating): 
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• Rack cooling air temperature: 79 F to 8A F (26 C to 29 C) 

(Cooling air Isolated from cabin air) 

. Maximum coldplate temperature: 104 F (40 C) 

(Requires Spacelab Interface coordination.) 

3. 1.1. 3. 3 Shocks Vibration > and Acceleration . The following describes the random 
and sinusoidal vibration spectruos and steady-state and/or very low frequency acceler- 
ations that equipments mounted within Spacelab may encounter during launch, reentry, 
and landing as transmitted from the Orblter through the Spacelab mounting and structure 
dynamics. Controls on all ground handling will limit these Inputs to values less than 
worst-case flight values. 


3. 1.1. 3. 3.1 Accelerations . Equipment accelerations are the same as specified for 
Orblter (see Figure 1 for axes orientation). Maximum values throughout the mission 
(launch to landing) are as follows: 

X-AXIS Y-AXIS Z-AXIS 


Maximum g*s (normal launch, 
reentry, landing) 

Crash landing (hold-down and 
restraint fixture limit) 


3 . 1 - 1 . 3 . 3.2 Random Vibration . The vibration seen by the modules within Spacelab 
depends upon their rigid-body clustering masses, location of mountings to Spacelab, and 
whether or not shockmounts are employed. Table I sumnarizes the G rms values over the 
20 to 2000 Hz-band for three weight group categories, three Spacelab mounting locations 
and for both with and without shock mounts. Figure 2 provides spectral density charac- 
teristic curves. 


TABLE I. G RMS OVER THE RANGE OF 20 TO 2000 Hz (ANY AXIS) 


G RMS FOR INDICATED GROUP WEIGHTS 


LOCATION IN SPACELAB 


HARD-MOUNTED 


CYLINDRICAL AREAS 
BULKHEAD AREAS 
WALLS AND FLOORS 


SHOCK-MOUNTED 


CYLINDRICAL AREAS 
BULKHEAD AREAS 
WALLS AND FLOORS 


3. 1.1. 3. 3. 3 Sinusoidal Vibration . All weight groups, whether hard- or shock- 
mounted, may experience sinusoidal vibrations as given by Table II (in addition to 
the random vibration of paragraph 3. 1.1. 3. 3. 2 and accelerations of paragraph 
3. 1. 1. 3. 3. 1) , throughout the Spacelab during launch and reentry periods. 
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SHOCK-MOUNTED 


FREQUENCY - Hz 


FIGURE 2 


ORIGINAL PAGE IS 
OF POOR QUALTTY 


SPECTRAL DENSITY CURVES FOR INDICATED 
RIGID-BODY MASSES, SPACELAB MOUITTING 
LOCATIONS AND SHOCK MOUNTING 
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TABLE II. SINUSOIDAL VIBRATION CHARACTERISTICS IN SPACELAB 


FREQUENCY (Hz 


AMPLITUDE 


AXIS 


0.8-INCH DOUBLE AMPLITUDE 
+3.0 G PEAK TO PEAK 
+1.0 G PEAK TO PEAK 


0.8-INCH DOUBLE AMPLITUDE 
+2.0 G PEAK TO PEAK 


3. 1.1. 3. 3.4 Shock . Shock transTnitted by Spacelab structure In flight or on the 
ground will not exceed the vibration/accelerations anticipated for the flight environ 
ment . 


3.1.1. 3.4 A coustic Noise Levels within Spacelab . The noise levels within Spacelab 
interior curing launch and reentry phases are as defined in Figure 3. These are the 
maximum levels over complete missions. The on-orbit working audio noise levels from 
all combined sources will not exceed the values of the NC-50 curve on standard noise 
criceri'i (MC) :^rves. lliis curve is approximately defined by 73 dB at 20 cps , linearly 
de 'ft- v.i, to 3:) dl3 at 300 cps to 47 dB at 4800 cps (dB referenced to 0.0002 microbar). 


3. 1.1. 3. 5 Atomic Radiation . Radiation levels, from natural or other sources, 
within Spacelab are low enough for safe hionan exposure. Therefore, equipment operation 
is not physically affected except where principle of operation is affected by back- 
ground counts such as sensitive films, etc. Film vault storage will be provlded. 


3.1. 1.3.6 Electromagnetic Interference (EMI) 


3.1. I* 3.6.1 EMI Generator Control . The net effect of radiated and conducted EMI 
cau3€'d by Spacelab subsystems and experimenter equipments will be controlled by 
observing good design practices for grounding, shielding, signal and power transmission 
wiring, and bonding impedance. The intent is to achieve a 6-dB minimum safety margin 
between maximum imposed EMI levels and operative threshold levels of affected circuits 
in accordance with SL-E-0001 and SL-E-0002. 


3. 1.1. 3. 6. 2 El(l Susceptibility . Equipment will nominally be required to be able to 
operate in EMI environments in accordance with SL-E-0001 and SL-E-0002 with a 6-dB 
safety margain between the maximum environment levels and operating thresholds. 


3. 1.1. 3. 7 Zero-G Effects . The resultant average acceleration of Spacelab is zero 
in all axes while on orbit (no artificial gravlt>^ Mine r perturbations between 
and 10”^g may occur resulting from crew movement, manipulator activation, water pumps, 
etc. During attitude maneuvers, accelerations of up to -0.2 and +0.1 g along the 
X axis and +0*1 g along the Y and Z axes may occur. 


3.1. 1.4 Spacelab Safety Provisions. The following, in conjunction with minimum 
requirements to be met by equipment brought on board, provides for crew and Orbiter- 
Spacelab safety. 

3. 1.1. 4.1 Caution and Warning (CAW) Devices . Identified potential f lamnabi llty , 
toxicity and contamination hazards require warning devices to allow sufficient time for 
corrective action. Such warning devices operate Independently from other operational 
circuitry and power supplies. Spacelab provides fire, smoke and toxics warnings for 
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the geneial environment* Hazardous experiment equipment requires additional caution/ 
warning sensors to be Integrated into the monitoring and control subsystem to enable 
appropriate visual and audio alarms when critical tolerances are exceeded (caution) 
and when InBoedlate corrective action Is needed to prevent injury or loss of personnel/ 
equipment (warning) . 

3* 1*1. 4* 2 Fire Extinguishers * At least three Apollo- type fire extinguishers will 
be strategically located throughout Space lab. 


3. 1.1. 4. 3 Depressurization ■ In emergencies the Spacelab may be depressurized in 
TBD minutes. The Orbiter provides a safe haven for Spacclab crew members. Equipments 
must not erupt with new hazards upon such depressurization and subsequent repressurlza- 
tion. 

3. 1.1. 4- 4 Oxygen Masks . C ygcn masks and 30-minute portable oxygen supplies will 
be available if the atmosphere becomes unsafe for personnel. 


3. 1.1. 4. 5 Sh atterable Materials . All materials that could conceivably shatter for 
any specified Spacelab condition (including ground operations^ depressurization, crash 
landing, launch and reentry forces) or credible accident, oversight, etc., shall be 
contained or constrained adequately to prevent debris and missiles from being emitted 
that could, inpcii r habitation quality or equipment operations, or cause injury or 
further damage. 


3. 1.1. 4. 6 Protrusions and Sharp Edges /Comers . All equipment surfaces exposed to 
bodily contact by personnel during normal operations shall have rounded (0.5-inch 
radius) edges and corners, or have guards or other protection to serve an equivalent 
function . 

3. 1.1.4, 7 Crash-Landing Provisions . All equipments are mounted, restrained or 
stewed to withstand the crash-landing loads of paragraph 3. 1.1. 3. 3.1 without erupting 
hazardous fluids or releasing loose missiles or debris. 


3 . 1 . 1 . 4 . 8 FI ammabi li t^ 


Spacclab structures and subsystem materials and design 


are equivalent to Orbiter design criteria and utilize materials rated **A*‘ or **B** for 
use in air as defined by SD 72-SH-0127, **Space Shuttle Orbiter Materials Control and 
Verification Plan,'* Materials are flammability-rated "A" where noncombustible or 
selr-ext inguishing upward in air, without spark, drip or sputter of flaming particles 
within 6 inches of the point of ignition at the bottom of a vertically oriented speci- 
men (per NHB 8060.1). Such "A" rated materials are suitable for unrestricted use in 
air. "B" rated materials for use in air have propagation downward rates in air of less 
than 0.3 in. /sec and iiave flash and fire points greater than 450 F. "R" materials may 
be utilized providing that discrete quantities which could mutually support combustion 
are limited to less than 1 pound and 40 in.^ of surface area, or are in containers 
(with or without ignition sources) that prevent propagation of flames or burning debris. 
Materials exposed to LGOX, HCOX, LOX, N 2 h 4 , or other non-air environments are not 
covered in this document, and special requirements and evaluations may be required for 
such applications. 


3. 1.1.4. 8. I Storage of Flammable Materials . Fire-proof storage is provided for 
stock and waste tissues, etc. 
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3.1. 1*4.9 Qf f-Gasslng, Toxics/Qdors . Spacelab environmental protection requires 
controlling materials off-gassing similar to Shuttle requirements. In accordance with 
SD 72-SH-0172, materials rated or "B" for toxicity are utilized. A material is 
toxicity-rated if it has 5 250 micrograms per gram total organics, ^50 micro- 
grams per gram of carhop monoxide, and has an average odor rating ± 3 . 0 , when tested 
per NHB 8060.1. A "B” material does not meet one or more **A” require^j^ent s , but will 
meet an 'VA” requirement in conjunction with specific controls such as coatings, 
hermetic sealing, etc. 

3. 1.1. 4.9.1 Prohibited Materials . The following shall not be brought into Spacelab 
in any measurable quantity in any form: 

. Mercury 

. Methyl chloroform 

. Cadmium 


3.1.1.4.10 Physical Equipment Restraints . All materials, parts, and equipments 
shall be secured in such a way as to reliably prevent loose items from drifting or 
accelerating against or within other equipments or personnel in such a way as to cause 
damage, operational interference or injury for all mission modes and phases, including 
emergency inodes. 

3.1.1.4*11 Touch Temperatures . See paragraph 3.1. 1.3. 2. 


>erimenter Equipment /Material Requirements - 


3.2.1 Mandatory Safety Requirements . 'Fhe following requirements are mandatory, 
unless specifically waived by Orbiter-Spacelab management, in order no ensure Orbiter- 
Spacelab and personnel safety. 


3.2.1. 1 Equipment Construction and Installation . The equipments and their consti- 

tuent parts shall not shatter, come loose from their mountings, or erupt to generate 
flying missiles or release hazardous or corrosive substances when exposed to the crash 
environment of paragraph 3 . 1 . 1 . 3 . 3 . 1 , or the random plus sinusoidal environwnrs of i 

paragraphs 3. 1.1, 3. 3. 2 and 3. 1.1. 3. 3. 3, for applicable mounting conditions, or durlnc 

eir gency depressurizations to near-vacuum and repressurization per paragraph 
3.-^.!. 4*3. When the equipments are stowed in protective containers, the requirerients 
apply to the stowage box and equipment combined. All materials and parts subject to 
accidental or intentional breakage during normal on-orbit operations that could result 
in missiles, abrasive or injurious particles, or release of toxics, corrosives or con- 
taminants imn«dlately or at a later mission time shall be constrained or guarded to | 
preclude such possibilities. Parts and equipments shall be secured from drifting away j 
or from unintended accelerations with positive mechanisms designed to function properly i 
after exposure to launch environments. j 

3. 2. 1.1.1 Sharp Com e rs, Edges, Protrusions . All equipment surfaces exposed to 
person. »el operations shall not protrude into travel lanes and shall have rounded edges 
au3 romers or guards with 0. 5-Inch minimum radius to prevent bodily contact with 
edges/comers of lesser radii and protrusions that could cause injur*.’. 

3. 2. 1.2 Flangnability ■ All equipments to be placed on Spacelab shall be evaluated 
for flammability. Equipments meeting requirements of paragraph 3.1. 1.4.8 shall be 
acceptable for Spacelab. ihe current Issue of Rockwell Space Division computerized 
material analysis tracking aud control system reports [U719-10-206 and U7 19-10-209 
(for non-metals) and 1*719-10-207 and U719-10-208 (for metals)] nav be used as the 
basis for evaluating ilighi ac cepLabi li ty of equipments w'ith respect to specific 
constituent materials . Ihiidentif led materials as a minimum shall bo upgraded to a 
verified "B" rating by approved coating, replacement, or other means, except that 
unidentified materials in a completely enclosed unit that precludes the escape of 
potentially flaming particles need not be upgraded. 
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3* 2. 1.3 Toxicity . Usage of materials in equipments that conform to or "B** 
raglngs per paragraph 3.1. 1.4.9 shall be acceptable to place on board Spacelab. The 
materials analysis tracking and control reports (U719-10-206 and U719''10-209) for 
exposure categories A and B shall be utilized to evaluate equipment material toxicity. 
Materials rated "A** may be utilized unrestricted. Materials rated may be utilized 
without controls (coatings, etc.) to the extent that the total organics and carbon 
monoxide per equipment or group of equipments do not exceed the values that could result 
if the equipment consisted of all ”A" materials containing maximum allowable organics 
and carbon monoxide. Before being placed in the Spacelab, items shall be operated or 
otherwise **baked out*^ for a sufficient time period to drive off excessive surface gases 
that may reside due to man^^facturing or cleaning processes. 

3. 2. 1.4 Electric Shock . External housings shall be grounded to preclude shocks to 
personnel from either electrical leakage or static charge buildup. Grounding satisfy- 
ing requirements will satisfy this requirement. 

3. 2. 1.5 Caution and Unrniag Networks . Any potential hazard to crew or total 
Spacelab shall be instrumented to provide **0*’ or **1” state (safe or caution/waming) 
signals to the Spacelab caution and warning network. This network operates from an 
independent power supply. The Spacelab operations management wl!* 1 integrate the signal 
into the C&W network as warranted by the degree and conditions for which a hazard 


3. '^^.2 .'^andri tory Er4V iron mental Preservation Criteria . Tiie following requirements are 
ma:; ♦ -ry in order to maintain a nominal Spacelab environment for all experimenter 
pay and to assure Spacelab subsystems performance. 

3. 2. 2-1 Materials and Construction . Equipments meeting the safety requirements of 
applicable subparagraphs of paragraph 3.2.1 above will meet requirements of this sec- 
♦“icrn. Calculated verification of structural safety Is acceptable providing that yield 
and ultimate safety factors are at least 2 and 3 respectively. Liquid and gas lines up 
to 1.5-in. diameter are satisfactory if ultimate pressure ratings are at least 4 times 
peak limit pressure, and if lines are unpressurized during laundi and reentry. Liquid 
lines shall not be exposed to provide possible hand rails or obstacles to personnel/ 


3. 2. 2. 2,1 Particles . Equipment and packing materials shall be subjected to a cleai 
Ing operation compatible with installation in a Class 100,000 area prior to on-loading 
into Spacelah (whether or not in stowage containers). Exterior or non-sealed interior 
of equipments shall have coatings or finishes that do not show visible signs of flakin] 
or peeling. 

3. 2. 2. 3 Acoustic Noise . Individual equipment items shall not emit audible noise 
greater than 40 dB in order to meet the Spacelab requirement in paragraph 3*1.1. 3.4, 
However, occasional noise levels up to 80 dB for 3 minutes are permitted (i.e., fast 
tape rewind, etc.). Values are for 2 feet from accessible areas when installed for 
operation. 

3. 2. 2. 4 EMI Susceptibility and Radiation . Equipment units that facilitate the 
Spacelab design practices below are considered to meet the requirements of paragraph 
3.1.1. 3.6. Only those practices necessary to prevent transmission of excessive 
conducted and radiated interference external to equipments or to assure operability in 
the Spacelab environment as a consequence of Spacelab design practices are provided. 
Internal interference shielding practices not relevant to external Interfaces are the 
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a, Spacelab, rack or equipment structures shall not be used as signal or power 
returns, 

1. Separate power grounds shall be returned to eacli Space lab pou-er source 
panel connection and shall not be switched. 

c. Signal and power returns shall not be shared. 

d. All equipment cases, enclosures and chassis shall facilitate electrical 
bonding to the vehicle structure with bonds not exceeding 10 niilliohins 
dc impedance. 

e. No signal or pwer ground shall be connected with less than 1 TCgohm dc 
impedance to a chassis or case that is separately returned to structure 
ground. A chassis connected directly to signal ground shall be isolated 
from case ground to prevent system ground loops. Isolated chassis requires 
isolation from personnel contact where a potential shock or external short- 
circuit hazard could exist. 

f. Shield grounds shall be brought directly to the structure or case ground, 
using conductive epoxy, halo rings, or equivalent methods. Shields shall 
not be connected to a conmon wire and grounded at a remote point. 

g. Output impedances shall be less than lOK ohms and full-scale signal 
voltages at least 5 volts from ground reference. 


h. Use coaxial cable or twisted shielded pairs for outputs with frequency 
components greater than 150 kHz. 

i. Use separately returned shielded pairs or coax for signals where rise /fall 
rates of change are greater than 30 MA per microsecond and where maximum 
signal level is 30 MA or more. 

3. 2. 2.4. 2 Shielding (Generator or Receptor) . 

3. 2. 2.4. 2.1 Signal Shields . Signal wire shields shall have the option of grounding 
( or not grounding at a particular equipment Input or output connector. Internal signal 
ijiiielding shall be grounded internally and not rely upon connector feedthrough. Con- 
Hi^ictor feedthrough shall be available to ground external shields internally for signals 
I requiring them. 


i. 2. 2. 4. 2. 2 Metal Shields . Equipment external cases shall be of metal of at least 
0.040 inch thickness that effectively encloses the unit in order to attenuate E-field 
and plane wave radiation and H-field radiation above 10 kHz. In addition, a thin 
copper shield may be required to maximize attenuation in the region of 60 Hz to 10 kHz 
for large current flows ( 10 amp). External case shields shall not liave openings 
that permit unattenuated radiation. Separate sections of the case shield shall 
bunded or bolted, at intervals not exceeding 4 inches, through positive bare nx'tal or 
conductive coating pressure contacts, or equivalent practices. REl gaskets or equiva- 
lent i;;ay be required on some items. 


3. 2. 2.4. 3 Power Tum-Qn 

a. Turn-on in-rush current shall not exceed 2-1/2 times the steadv-stato 
value, 

b. Current rise tinges should not exceed 5 microseconds, and ringing .should 
not exceed 5 cycles to reach j-5 percent of steady srate. 
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3. 2. 2. 4. 4 Output Signal Characteristics . 

a. Rise and fall tlinea of digital signals shall be controlled in order 
to niinimize unwanted EHl coupling. 

b. Rise and fall times should be larger than twice the propagation delay 
of the line from driving to receiving circuit if the line is not term- 

i inated in its characteristic impedance. 

3*2.3 Typical Operating Requirements . The following criteria are solely the 
equipment user’s responsibility. The criteria should be adequately considered to 
ensure successful completion of the experimenter's objectives. As a minimum, the 
equipment and/or its packaging should be designed to survive approximately a 3-minute 
launch, and operate over the required on-orbit duty cycle duration. Reuse on subsequent 
missions requires design/refurbishment for repeated launch and operational periods plus 
reentry and landing phases of approximately 15 minutes each (where worst-case vibra- 
tion/acceleration may occur). 

3. 2- 3.1 Equipment Size . To avoid delays and expense for custom-mounting racks and 
stowage containers, selected equipment items should conform to the standard sizes 
refu^-enced in paragraph 3. 1.1. 2.1 and subparagraphs. While mass and volume are not 
critical, wherever practical, smaller sizes should be chosen consistent with integra- 

5 tior. with other equipments and objectives. 

3. 2. 3. 2 Electrical Power . Equipments shall be required to operate on one or more 
of the voltages Identified in paragraph 3.1.1. 2.2. The amount of power allotted to 

i each equipment is not directly specified; however, the total pcwer used by all users 
cannot exceed the value specified in paragraph 3.1.1. 2.2, and the integrated loads on 
the 3-phase ac must remain within 20 percent between phase legs. Any one item that 
could use more than 1 kW peak shall consider means to reduce needs. Power during 
launch and reentry and landing shall only be utilized for critical purposes, to be 
identified and coordinated with Spacelab operations management. Only necessary 
caution and warning circuits will be accessible to emergency battery power. 

3.2. 3. 3 Data Management and Command Control Compatibility . Outputs to be multi- 
; lexed or direct recorded through Spacelab remote data acquisition units (RAU's) 
require voltages in the range of 5 to 12 volts from ground reference for digital/ 
ciscretes i-state levels or analog full-scale levels. Scaling will be done in the data 
acquisition units. Output driver impedance shall be less than lOK ohms. Comnands 
from RAU's will be 0 or 5 to 12 volts nominal at ^ IK ohm output impedance. 

3.2. 3.4 Atmosphere . Equipment will be exposed to an equivalent-air or air 

; atmosphere per paragraph 3. 1.1. 3.1 and subparagraphs. Ihe normal atmosphere also may 
contain the particle and chemical contaminants in paragraph 3. 1.1. 3. 1.3. 

; 3. 2. 3. 5 Ambient Temperatures . Equipments shall withstand the operational and 

I ground storage ambient air temperatures of paragraph 3-1. 1.3.2. 

I 

I 3. 2. 3. 6 Equipment Cooling . Where forced-air or coldplate operation is required, 

I the equipment shall be capable of satisfactory operation with the cooling temperatures 

I provided for by paragraph 3. 1.1. 3. 2.1. 

f, 

I 

1 
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3.2. 3* 7 Shock| Vibration , Acceleration and Acoustic Noise . As a min imam, etju i pmt-n f 
shall operate satisfactorily for the durratlon of the mission aftor 3 mfnutos .-mosurc 
lu combined acceleration and random and sinusoidal vibrations of paragrapfi 3. 1.1, *..3 
anc -subparagraphs, plus the acoustic noise levels of paragraph 3.1.i.3.4. 


3.2. 3.8 Atomic Radiation . Atomic radiation from natural sourros is ve 1 ! below tlu- 
\ iovfls of any significance to equipment survival. Experiment equipment wh vh 
j radiation will be shielded to prevent impact to other experiment equipment. Equipmetits 
^ .sensitive to radiation-induced noise or signals are the responsibil i ty of he experi- 
j menter. 

i 3. 2. 3.9 Contamination Susceptibility . The equipment siiaLl be •jpe»‘aii n 

^ for its total useful life in the particle and chemical e:iv i roniik' n t w ■ 

‘ 3.1 . 1.3. 1.3. 


! 3.2.3.10 Zero-G Effects 

! 3.2.3.10.1 Thermal Dissipation . Equipment points of power dissipati :n shall have 

I adequate thermal conductance paths where forced-air convection cannot be re''Lcd upon. 

I Tne ef-'^ects of lack of gravity must be considered for points of power di-:5upat ion in 
t "dead" air zones where positive thermal paths are not adequate. Equipmenf.s without 
t provisions for internal-external air circulation that are designed to operate at 
i 50,000 feet, relying on internal conduction to transfer heat to the external case, 

! can be assumed to be acceptable. Equipments with self-contained fans and rli rect air 
i flow over components or their heat sinks can be assumed acceptable. Components 

mounted on insulators in dead air spaces require cooling provisions if th« disslpati 
i on the insulator (circuit board) exceeds 2 watts per 20 square inches of circuit bc-aid 
j area provided good contact or a hemispherical view to metallic structure exists. i^ens- 
j ity of electrical conductors that provide good conductance paths to reduce the erf cti 
. Luermai resistance can be used to justify increasing the foregoing dlGbi; U.r. ruli-. 

1 

i 3.2. 3. 10. 2 Gravity-Dependent Functions . Equipment functions th^it r^ l.iy upon 

j g;.avity such as mechanical seating, containing liquid, material feed con.'- t mints , er <■ . , 
I lequire redesign for operation in weightless environments. Redesign shon*2i . .>Twslt! i 
! hy.stercsis effects on such as repeatability of operation, 

I 

I 

j 3.2. 3. 10. 3 Loose Accessories . Common table-top accessories or atiarr/ents ; . 

j as adjusters, eyepieces, etc., must be provided with positive detent.-., i.i.ivaras, ..i 
to prevent loose items in Space lab. 
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1.0 


SCOPE 


This specification establishes the requirements for performance, 
design and verification of existing commercially available or off-the- 
shelf Experiment and General Laboratory Equipment, for orbital ope- 
ration in a pressurized compartment in Manned Sortie Missions, Equip- 
ment which meets the quantitative performance requirements of this speci 
fication and which has particularly desirable attributes for a specific use, 
shall not be rejector! from further consideration due to failure to meet a 
qualita^ivo requirement contained herein. Candidate equipment may be 
selected for modification or by limited waiver of requirements. Typical 
equipment which may be procured to these requirements is listed in 
Section f - 0 , 


c . 


APPlJCABLE DOCUMENTS 


The following documents, of the exact issue shown, form a part of this 
specification to the extent specified herein. In the event of conflict 
between documents referenced, and other detailed contents of this speci- 
fication, the detailed requirements herein shall be considered superseding. 


PKCIFICATIONS 

Marshall Space Flight Center 

MSFC-SPEC-IOIB 
March 13. lyVl 


Military 

MIL.- F-HO /ZA 
Sopt, 11, 1968 


Flammability. Odor, and Off- 
gassing requirements and Test 
Procedures lor Materials in En- 
vironments which Support com- 
bustion. 


Finishes for Ground Signal Equip- 
ment 


Referenced 

Paragraph 

3, 2. 6. 3 


3, 3.9 
Figure 1 
Footnote 3 


S 1 i)A R DS 
Military 

MIL-STD-46lA(Not. 4) 
Feb. 9, 1971 

MIL-STD-462(Not. 3j 
Feb. 9, 1971 


Elect romagneUc Interference Char- 3. 3. 3.1 
actcristics Requircmkcnts for Equip- 
ment 

Electromagnetic Interference Char- 3. 3. 5. I 
actcristics. Measurement of 


1 


1 





Atomic Energy Commission 


OTHER PUBLICATIONS 


EC OOf)MOOOOOA 


Rules and Regulations 

Title 10, Part 71 Packaging of Radioactive 

Dec. 31, 1968 Material for Transit 


MISCELLANEOUS 






Marshall Space Flight Center 


lOM 33222 
August 15, 1972 


Man/Systems Design 
Requirements for 
Sortie Lab 
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3. 0 REQUIREMENTS 

3.1 DEFINITION 


3. 1. 1 GENERAL DESCRIPTION 

The Experiment and General Laboratory Equipment shall 
consist of selected hardware and equipment to support 
experiments and experiment related activities and proce- 
dures to be employed in missions such as described in 3.I.Z. 

3.L2 MISSIONS 


Typical Sortie ^-•ab missions consist of support for and 
roncuct of experiments in the following general areas: 

a. Astronomy: UV, IR, High Energy Stellar. 

b. Physics: Space Physics (Orbital Environment) - 
Plasma Physics - Molecular and Chemistry Phenomena. 

c. Earth Observations: Weather - Resources - Pollution. 

d. Communications /Navigation: Optical Frequency 

Demonstration - Surveillance, Search, Rescue - Laser 
Ranging • Satellite Navigation for Terrestrial Users. 

e. Materials Sciences/Manufacturing: Materials Composites, 
Casting, Crystal Growth - Supercooling - Biological 
Separation. 

f. Technology: Contamination - EVA - Advanced Space- 
craft Systems Tests - Teleoperations. 

g. Life Sciences: Medical Research - Plant Research - 

Life Support - Manned System Integration. 

3. 1. 3 OPERATIONAL CONCEPTS 

3. 1,3.1 Mission Duration: The equipment shall be required to ope- 

rate during a mission of 7 to 30 days duration. 

3. 1.3. 2 Equipment design shall be compatible with prclaunch and launch 
operations vvhich dictate minimal access while on the launch 
pad. Any requirement for on-pad loading of equipment con- 
sumables or perishables shall be identified. 
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3.2 
3 . 2 . 1 
3 . 2 . 1 . 1 
3 . 2 . 1 . 1 . 1 

3 . 2 . 1 . 1.2 
3 . 2 . 1.2 


3 . 2.2 
3 . 2 . 2 . 1 


3 . 2 . 2 . 2 

3 . 2.3 

3 . 2.4 
3 . 2 . 4 . 1 


CxiARACT ERISTICS 
PERFORMANCE 
GENERA T. PERFORMANCE 

Conv.Tcr. >:iUv available or off-the-shelf equipment and 
hardware shall be utilized to the fullest extent possible, 
consistent with the requirements stated herein. 

Equipment covered by this specification shall not be re- 
quiri'd to be operating during launch, reentry or landing. 

ELECTRICAL FUNCTIONAL AREA 

Type of Power : 28 VDC + 4.0 VDC and 1 1 5/200 VAC 
+ TBD, 30, 400 Hz. 

NOTiC: If 60 Hz power is required for an experiment or 
instrument individual inverters will be provided as part 
of the experiment. 

PHYSICAL 

MASS PROPERTIES 

Any limitations and restrictions are to be determined. 

IwT "; \ maximum weight of the equipment will be speci- 

fieil V Ification weight). 

DIMENSIONS AND VOLUMES 

Any general limitations and restrictions are to be determined 
RELIABILITY 

Non-catastrophic and non-propagating failures shall be per- | 

rr.i*’+^rd when compatible w'ith individual experiment reliability 
goal. 

MAINTAINABILITY 

The design shall provide for accessibility, rapid fault iso- 
lation, ease of remove /replace activities, and the use of 
standard tools and test equipment. Ground maintenance shall 
be the normal mode of maintenance. 

Con'-.icioration shall be given to location of test points and 
adjustments for ease of maintenance without discoi.nect mg 
electrical connectors. 
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3. 2. 4.3 


3.2. 4.4 


3.2. !> 

3.2.6 

3.2. 6.1 


3, 2. 6. 2 


3. 2. 6. 3 


Accessibility and ease of operation of latches, lockdowns, 
fasteners, etc. , shall be considered for ease of maintenance. 

For units or components requiring frequent adjustments 
or for installation and removal of casettes. rolls, samples, 
film, etc., front panel access is desirable. 

operational availability 

Not Applicable 
SAFETY 

The equipment shall not degrade the safety of the Sortie 
Lab^ Space Shuttle, Ground or Flight Personnel or 
violate safety levels and requirements stated herein cither 
during normal operations, maintenance or failure modes. 

The equipment shall contain no ordnance devices. 


All materials flammibility, odor, and offgassing character- 
istics shall be identified for the application usage including 
relative locations, quantities and cx) nfigurations as defined 
in MSFC-SPEC - 1 0 1 , The atmosphere pressures and gas 
mixtures shall be as specified in 3. 2. 7. 2 herein for on-orbit 
operations. 

Any materials which do not meet the criteria of MSFC-SPEC- 
101 for Group I must be approved by MSFC for use on an 
individual basis. 

In lieu of performing any testing required by MSFC -SPEC - 10 1 , 
including batch/lot testing, materials lists with usage configu- 
rations may be submitted to MSFC for initial determination of 
acceptability. Results of any previous tests and supportative 
analyses may be submitted to MSFC for determination of com- 
pliance with the intent of MSFC-SPEC - 1 0 1 . Final evaluation 
and approval shall be conditioned on results of individual 
materials and/or end item configuration tests performed by 
or required by MSFC on an individual basis. 

The requirement of MSFC-SPEC- 10 1 , pararagraph 3.1, 
Materials Control Plan, is deleted from equipment covered 
by this specification. The requirement of MSFC -SPEC - 1 0 1 , 
paragraph 3 . 2. 2. 1 . 1 for testing metallic materials for 
LOX/GC3X compatibility shall o:ily apply to equipment used 
in high pressure LOX/COX systems (Type D usage defined 
in MSFC-SPEC- 101. Table 1). 


5 


3 . 2 . 6.4 


3.2.7 


3.2.7. 1 


Catastrophic and critical hazards whereby environment, 
personnel error, design characteristics, procedural defi- 
ciencies, or subsystem malfunction may result in loss of 
personnel capability or loss of system shall be eliminated 
or controlled by means of safety devices, warning devices 
or procedures. Residual hazards for which controls can- 
not be developed or provided shall be identified. 

ENVIRONMENT 


Non- Operational 

Temperature; '-40®C to + 75°C {-40°F to + 167°F). 

Pressure; 0-15 psia/Rate of Change Approx. 2 Min, from 
maximum P to minimum P 


Atmosphere composition; 80% N^; 20% 0^. _+ TBD, 
Relative Humidity; TBD 


Acceleration; -I- 4. 5 g (all axes) 

Launch Status; Passive 

Contaminants; filter air to class 100, 000 as defined in 3. 3.10.1 

Emergency Landing Shock: Longitudinal Lateral Vertical 

8g 4. 5g 4. 5g 


Equipment need not operate thereafter, but shall retain 
Qpackage and mounting integrity. 

Vibration: TBD 
Acoustic; TBD 
Shock: TBD 
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Operation'll 

A nonninal "shirt-sleeve" environment shall exist for 
equipment operation. 

Temperature: 18*^C to 29°C (65°F to 85°F) 

Humidity: 45 + 5% R. H. at 21 °C (70°F) 

Pressure: 14. 7 psia ^0.2 psi 

Atmosphere Composition: 

Total Pressure 14.7 psia 

O 2 Partial Pressure 3. 1 psia 

CO 2 Partial Pressure <.7. 6 mm Hg 

H_0 Partial Pressure 6-11 mm Hg 

£0 

% 

Atmosphere Contamination: 

Cleanliness: Class 100, 000 as defined in 3. 3. 10. 1 

14 

Maximum Methane Concentration <5 x 10 Molecules 
(10 PPM by weight) CM^ 

Maximum Hydrocarbons (Molecular Weight> ZOO) 

10^"^ Molecules 
CM^ 

_2 

Acceleration: <10 g’s 
Vibration: TBD 

Touch Temperature: 3^C to 46®C (38®F to IIS^F) 

Equipment surface temperatures 
below 16^ C (60^F) should be 
avoided to prevent atmospheric 
moisture from condensing on its surface. 

Noise Level: Equipment and main equipment inter- 

faces shall be compatible with an 
overall Sortie Module noise level less 
than the following: 

Frequency Range (Hz) Sound Pressure I.evels 


63 

70 db 

125 

70 db 

250 

60 db 

500 

60 db 

1000 

55 db 

2000 

55 db 

4000 

55 db 

8000 

60 db 

16000 

60 db 


Pure tone components shall be not more 
than 10 db above the octave band level 
containing the pure tone frequency. 
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3.2,7. 3 Radioactive Sources. The quantities and/or concentra- 

tions of radioactive sources such as calibration sources 
and display dials shall not exceed the exemptions speci- 
fied in USAEC Rules and Regulations. Title 10, Part 71, 
Paragrapi. 7.1.b. Also any equipment susceptible to 

radiation dec r.'^dation shall be defined. 


3.2.8 


3. 3. 


3. 3.1 


3. 3.2 


3. 3.3 


3. 3.4 


3. 3. 5 


3. 3.5.1 


3. 3. 5.1.2 


3. 3. 5.1. 3 


TRANSPORTABILITY/TRANSPORTATION 

Equipment shall be compatible with commercial trans- 
portation systems. 

Vibration and shock criteria - TBD 

DESIGN AND CONSTRUCTION STANDARDS 

SELECTION OF SPECIFICATIONS AND STANDARDS 

Not Applicable 

GENERAL 

Not Applicable 

AERONAUTICAL 

TBD 

CIVIL 

Not Applicable 
ELECTRICAL 

Electromagnetic Compatibility (EMC) characteristics and 
measurements shall be in accordance with MIL-STD-461 
and MIL-STD-462. The following frequency ranges shall 
be considered in establishing equipment emission and auscc, *i- 
bility levels. (Frequencies TBD) 

Shorting clips or springs shall not be used in electrical or 
electronic connectors. Test equipment used shall be fitted 
with cable connectors that mate with the experiment equipmei.t 
connectors or sockets. In no case shall socket connectors be 
connected by holding meter probes against the pins or by 
attachment of alligator clips. 

All electrical connectors, plugs and receptacles shall be 
positively keyed to prevent incorrect connection with other 
accessible connectors, plugs and receptacles. C-onni'ctors 
and wiring junctions shall be sealed from moisture condensrttic 
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3*3.^«1,4 There shall be safety interlocks where necessary to insure 
personnel safety. 

3. 3.6 MECHANICAL 

3. 3. 6.1 Mechanical design shall generally meet the following 

requirements : 

3. 3. 6. 1.1 Material which Cc:n shatter, such as glass, shall not be used 
unless positive protection is incorporated to prevent frag- 
ments or dust from enlerirg the habitable- environment. 

3. 3. 6. 1.2 Surfaces which are expected to be exposed to continuous or 
extensive abrasion and rubbing by llie crew shall not be 
painted or coated with n^aterials that arc subject to flaking 
or peeling. 

3. 3. 6. 1.3 Where possible, actuatinc devices sliail !>♦ made an integral 

part of the equipment \)c o}K-rat«(i. Dil a hal)h‘ surli 

as handles, pins, "»nfl i.tlchof.s shall in- s'-rnred by lar.varr!^ 
or similar devices w'hich will not compronase crcv\ saftl\. 

3. 3. 6. 1. 4 Factors of Safety 

3. 3. 6. 1.4.1 Package integrity and structural mounting provisions load 

carrying capability shall be based on the following minimum 
factors of safety in lieu of performing static load structural 
testing: 

Yield Factor of Safety =^2.0 

Ult imate Factor of Safety =3.0 

3. 3. 6. 1.4. 2 Hydraulic and pneumatic systems, where used, shall meet 
the following minimum requirements: 

(1) Lines and Fittings, iess than 1.5 inch diameter 

Proof Pressure =2,0 x limit pressure 

Ultimate Pressure =4. 0 x limit pressure 

(2) IJncs and Fittings, 1,5 inch diameter or greater 

Proof Fiossurc 1.2 x limit pressure 

Ulliniate I’ressuri; 1.5 x limit pressure 

(3) Hyd raulic and Pneumatic Tanks Higli Pressure \^csscls 

Proof Pressure =1.5 x limit pressure 

Ultimate Pressure -2.0 x limit pressure 

(4) Actuating Cylinder, Valves, Fillers, Switches 

Proof Pressure =1. 5 x limit pressure 

Ultimate Pre^ssurf? =2.0 x limit pressure 

q 
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3. 3. 6. 2 


3. 3. 6. 2.1 

3. 3. 6. 2. 2 


3 ^ 3.7 


3.3.8 


3.3.9 


3. 3.10 
3.3.10.1 


3. 3.10.2 
3. 3.11 


MATERIALS 
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The following material requirements shall be in addition 
to the flammibility, odor and offgassing requirements of 
paragraph 3. 2. 6. 3. 


Equipment covered by this specification shall not contain n- ; 
cury, liquid or gaseous halogenated hydrocarbons, or poly- 
vinyl chloride (PVC). 


Use of cadmium plating should be avoided in equipment 
containers subject to elevated temperatures (above 450 F) 
or where exposed cadmium in contact with breathing gas 
could reach temperatures that would generate toxic fumes 
such as might result from electrical short or fire. 


NUCLEAR 
Not Applicable. 


MOISTURE AND FUNGUS RESISTANCE 

All materials used shall be non-nutrient to fungus growth, 
or shall be treated so the exposed surfaces wiJl be fungus 
resistant, except that nutrients may be used inside of enclos 
ures that wili be hermetically sealed. Methods of treatment 
for fungus resistance shall be compatible with the treated cin. 
adjacent materials. 

CORROSION OF METAL PARTS 

Metals shall be corrosion resistant or shall be procc ssed 
to resist corrosion. Dissiipilar metals shall not be used 
in intimate contact unless suitably protected against 
electrolytic corrosion. Compatible metal coupies are 
defined in Figure 1. Any protective coating used shall 
meet the requirements of paragraph 3.2. 6. 3. 

CONTAMINATION CONTROL 

Equipment material or equipment finish shall not flake: -r>ff 
generate dust or contain releasable particles tha: could 
degrade the class 100,000 spacecraft environment. All 
surfaces shall be capable of being cleaned with suitable 
solvents to maintain surfaces visibly clean. Class 100, 000 
environment is defined as not more than 100,000 parlicies, 
1/2 micron in size or larger per cubic foot and not rnort 
than 700 particles, 5 microns in size or larger pt ‘ cuuic : > 

Contamination protection devices snch as aperture* iooi s, 
window covers, electrical heaters, and dust fret storage 
containers shall be used as necessary. 

COORDINATE SYSTEMS 
Not Applicable 
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Compatible couples 


Silver, solid or plated; high silver 
alloys 


Nickel, solid or plated; monel metal, 
high nickel-copper alleys, titanium 


Austenitic stainless steels'; copper 
solid or plated; low brasses or 
bronzes; silver solder; German 
silver; high copper-nickel alloys 
nickel chromium alloys 


Cofimercial yellow brasses and bronzes 


High brasses and bronzes; naval brass 
muntz metal 

18% chromium- type steels 


Chromium, plated; tin, plated;i 
12% chromi'im type steels 

Tin-pfate; terneplate; tin-lead" 
solders 


Lead, solid or plated; high lead 


Aluminum, wrought alloys of the 
Duralumin type 


Iron, wrought, gray, or malleable; 
plain carbon and low alloy steels 
armco iron 


Aluminum, wrought alloys other than 
Duralumin type; aluminum, cast 
alloys of the silicon type 


Aluminum, cast alloys other than 
silicon type; cadnium, plated 
and chromated 


Zinc, wrought; zinc-base die-casting 
alloys; zinc, plated 


Magnesium and magnesium- base alloys 
cast or wrought 


Group 

No. 

Metallurgical category — ^ 

1 

Gold, solid and plated; gold- 
platinum alloys; wrought platinum t 

4 . 

Rhodium plated on silver-plated copper 


FIGURE 1. COMPATIBLE COUPLES 
Footnotes 1/, 2/, and 3/ (see next page) 
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3.3.12 

3.3.12.1 


3. 3.13 

3.3.14 


3.3.15 

3.4 


Footnotes for Figure i. 

1/ Members of groups connected by lines will form 

permissible couples. O indicates the most cathodic 
member of the series, • an anodic member, and the 
arrows anodic direction. 

2/ Aluminum alloys 5052, 5056, 5356, 6061 and 6063 are 
considered to be compatible with magnesium alloys. 

3/ A more detailed listing of metals in each group is given 
” in Specification MIL-F-14072. 

INTERCHANGEABILITY AND REPLACEABILITY 

Interchangeability shall exist between identical replaceable 
parts, assemblies, subassemblies and supplies, regardless 
of manufacturer or supplier. All parts having the same part 
numbers, regardless of source, shall be functionally and 
dimensionally interchangeable. 

IDENTIFICATION AND MARKING 

Major assemblies and replaceable units shall be adequately 
identified and marked. 

WORKMANSHIP 

Workmanship on all equipment {electronic, electrical and 
mechanical) shall be in accordance with good commercial 
practices and parts shall be free of burrs, sharp edges, or 
any other damage or defect that could make the part (or equip- 
ment) unsatisfactory for the purpose intended. 


HUMAN PERFORMANCE/HUMAN ENGINEERING 

Human performance /human engineering requirements shall 
be as specified in MSFC Drawing 10M3322Z, '' Man/Sys terns 
Design Requirements for Sortie Dab". 

LOGISTICS 

Not Applicable. 
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3. 5 PERSONNEL AND TRAINING 

Peraonnel usage and sldlls requirements shall be identified 
by file contractor for all items of equipment. Familiar!* 
sation and operational training requirements shall also be 
identified. 

4. 0 VERIFICATION 

4.1 GENERAL 

Unless otherwise specified in the contract or purchase order, 
the contractor is responsible for the verification of all per* 
fbrmance and design requirements contained herein and shall 
submit a written statement verifying that all requirements 
herein have been met. This verification statement is subject 
to approval and the procuring activity reserves the right to 
perform any inspection, operation or test deemed nec essary 
to assure that material and services conform to the prescribed 
requirements. 

5.0 PREPARATION .FOR DEUVERY 

The Contract End Items shall be prepared for delivery in 
accordance with the terms of the contract. Marking shall 
be adequate for proper identification. Preservation, pack- 
aging, packing, handling and shipping requirements shall 
be compatible with commercial transportation unless other- 
wise specified by the contractor. Any special unpacking or 
handling procedural requirements shall be defined by the 
contractor. 

6. 0 NOTES 

6. 1 INTENDED USE 

The Intended use of .this specification is to procure Experi- 
ment and General Laboratory Equipment and Instrumentation 
for support of the Sortie Lab. 

Typical equipment to be procured by this specification 
includes but is not limited to the following: 

Receivers and Transmitters - Microwave thru Laser 

Optical Devices 
Controls /Displays 

Test, Checkout and Monitor Equipment 
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Calibration Devicen 
Data Recorders 
Clocks (event timing) 

Cameras - TV and Film 

Cryogenic Devices - Solid Cryogenic Refrigerators, Cryostats, 

Cryogenic Liquid Storage 

Equipment Racks and Consoles 
Spark Chamber 
Spectrographic Devices 
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